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ABSTRACT
A t o t a l  o f  68 v i b r a - c o r e s  and 14 b o x -c o re s  in  c o n ju n c t io n  w i th  
h i g h - r e s o l u t i o n  se ism ic  r e c o r d s  a re  used to  d e s c r ib e  th e  l a t e  
Q u a te rn a ry  developm ent o f  a t w i n - b a r r i e r  i s l a n d  com plex . Based on t h e  
s t r a t i g r a p h y ,  r a d io c a rb o n  d a t e s ,  and m i c r o f o s s i l s ,  a t r a n s g r e s s i v e  
o u t e r  Holocene and in n e r  P l e i s t o c e n e  b a r r i e r  i s la n d  complex a re  
r e c o g n iz e d .  The two s u b a e r i a l  s u b - p a r a l l e l  b a r r i e r s  a r e  a r e s u l t  o f  
s e p a r a t e  m arine  t r a n s g r e s s i o n s  t h a t  o c c u r re d  b e f o r e  and a f t e r  l a t e  
W isconsinan  g l a c i a t i o n .  P o l l e n  assem blages and te n  ra d io c a rb o n  d a t e s  
from th e  la g o o n a l  sed im en ts  be low  the  o l d e r  i s la n d  c o n c u r  on a d a t e  o f  
a p p ro x im a te ly  30 ,000  y e a r s  B . P . ,  hence a  p ro b a b le  m id-W isconsinan  ag e  
f o r  th e  o v e r r id i n g  b a r r i e r  i s l a n d .  The u n c e r t a i n t y  su rro u n d in g  a s e a  
l e v e l  n e a r  t o d a y 's  p o s i t i o n  30 ,000  y e a r s  ago i s  n o t  u n n o t ic e d ;  
n e o t e c to n i c s  may be  an im p o r ta n t  c o n s id e r a t io n  in  t h i s  a p p a re n t  r i s e  
i n  s e a - l e v e l .
Holocene sed im en ts  d e p o s i t e d  in  th e  b a c k b a r r i e r  env ironm ent show 
a g e n e r a l  s h a l lo w in g  and f i n i n g  upward seq u en ce .  The Holocene 
s t r a t i g r a p h i c  sequence  i n d i c a t e s  a narrow ing  o f  th e  b a c k b a r r i e r  
r e g i o n ,  a d e c r e a s e  in  th e  t i d a l  p r ism , and an in c r e a s e  i n  marsh and 
t i d a l  f l a t  i n f i l l i n g  a s s o c i a t e d  w ith  ca lm er  w a te r  c o n d i t i o n s .  Most 
b a c k b a r r i e r  sed im en ts  a r e  in t ro d u c e d  th ro u g h  t i d a l  i n l e t s .
D e s p i te  H olocene , b a c k b a r r i e r  d e p o s i t s  g r e a t e r  th a n  8 m e ters  
t h i c k ,  on ly  2 m e te r s  may b e  p re s e rv e d  be low  75-100 cm th i c k  n e a r s h o r e  
sands i n  some a r e a s .  I n l e t  f i l l  d e p o s i t s  w i l l  n o t  be p r e s e r v e d .  
However in n e r  b a r r i e r  sands and lower H olocene b a c k b a r r i e r  sands and 
muds have a  s t r o n g  p r e s e r v a t i o n a l  p o t e n t i a l .  The s t a c k in g  o f  
t r a n s g r e s s i v e  b a r r i e r  d e p o s i t s ,  a l b e i t  th o s e  from d i f f e r e n t  
t r a n s g r e s s i o n s ,  may p ro v id e  a  s t r a t i g r a p h i c  o i l  t r a p .
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THE LATE QUATERNARY EVOLUTION OF A 
TWIN BARRIER-ISLAND COMPLEX, CAPE CHARLES, VIRGINIA
IN TRO D U CTIO N
Overview
Two s p a t i a l l y  and c h r o n o lo g ic a l ly  d i s t i n c t  s u b - p a r a l l e l  b a r r i e r  
i s la n d  com plexes on th e  E a s te rn  Shore o f  V i r g in i a  (F ig u re  1) were 
r e s p e c t i v e l y  d e p o s i te d  d u r in g  L a te  P l e i s t o c e n e  and Holocene m arine  
t r a n s g r e s s i o n s .  This s tu d y  examines th e  geom orphic, c h r o n o lo g ic ,  and 
s t r a t i g r a p h i c  r e l a t i o n s h i p s  between th e  two system s and c o r r e l a t e s  
P l e i s t o c e n e  sed im ents  found h e r e in  to  a d ja c e n t  fo rm a t io n s .  A 
t r a n s g r e s s i v e  s t r a t i g r a p h i c  sequence u n d e r l i e s  b o th  Mockhorn I s l a n d ,  
th e  i n n e r  and o ld e r  i s l a n d  lo c a ted  in  th e  m ids t  o f  th e  modern 
b a c k b a r r i e r  env ironm en t,  and th e  more seaward Holocene b a r r i e r ,  Smith 
I s la n d  ( F ig u r e  2 ) .
B a r r i e r  i s la n d  s t r a t i g r a p h y  has re c e iv e d  c o n s id e r a b le  a t t e n t i o n  
d u r in g  t h e  p a s t  th r e e  d e c a d e s .  T ra n s g re s s iv e  and r e g r e s s iv e  m odels ,  
d e p i c t i n g  th e  Holocene s t r a t i g r a p h y ,  a r e  w e ll  docum ented. Some o f  the  
more se m in a l  examples a r e  F i s k  (1 9 5 9 ) ,  F i s c h e r  ( 1 9 6 1 ) ,  and K r a f t  
(1 9 7 1 ) .  Most s tu d i e s  in c lu d e  a d i s c u s s io n  d e s c r ib i n g  the  chrono logy  
o f  b a r r i e r  developm ent d u r in g  a s in g le '  t r a n s g r e s s io n  o r  r e g r e s s i o n .  
However, o n ly  a s p e c u la t io n  o f  the  r e s u l t i n g  s t r a t i g r a p h y  a f t e r  a 
su b seq u en t c y c l e  i s  a v a i l a b l e .  In  a d d i t i o n ,  where U .S . Holocene and 
P le i s t o c e n e  b a r r i e r  i s l a n d s  a r e  b o th  p r e s e n t  the  s t r a t i g r a p h i c  and 
c h ro n o lo g ic  r e l a t i o n s h i p s  a r e  u s u a l l y  o n ly  s u p e r f i c i a l l y  p r e s e n te d .
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F ig u re  2. L o c a t io n  map o f  th e  s tu d y  a r e a  w ith  boxcore  ( c i r c l e )  and grab  
sample ( s q u a re )  s t a t i o n s  n o te d .
5Twin b a r r i e r  i s l a n d s  p r o v id e  c r i t e r i a  to  d e te rm in e  th e  age o f  
t r a n s g r e s s i v e  c y c l e s  and p r e s e r v a t i o n a l  p o t e n t i a l  o f  a s s o c ia t e d  
d e p o s i t s .  For exam ple ,  l i t h o l o g i c ,  p a l e o c l i m a t i c , and r a d io m e t r i c  
d a t a  i n d i c a t e  t h a t  Mockhorn I s l a n d  i s  a l a t e  P l e i s t o c e n e  s h o r e l i n e  
whereas th e  o u te r  b a r r i e r  i s  H olocene . I n  a d d i t i o n  th e  t h r e e -  
d im e n s io n a l  geom etry  o f  th e  b a r r i e r  com plexes ,  from b a r r i e r  b each  to  
m ainland s h o r e l i n e ,  i s  d e te rm in e d .  P re v io u s  g e o l o g ic a l  
i n t e r p r e t a t i o n s  and age o f  d e p o s i t s  on th e  a d j a c e n t  m ain land  a re  
examined in  l i g h t  o f  th e s e  r e s u l t s .
S e a - l e v e l  f l u c t u a t i o n s  e x e r t  a p r im ary  c o n t r o l  on r a t e s  and 
p a t t e r n s  o f  o cean ic  s e d im e n ta t io n  and c o a s t a l  geom orphology. In  
p re v io u s  s tu d ie s  o f  P l e i s t o c e n e  s e a - l e v e l  in  c o a s t a l  a r e a s ,  th e  la c k  
o f  c o n t in u o u s  s e d im e n ta t io n ,  e r r o r s  in  d a t i n g ,  and t e c t o n i c  movements 
obscu re  e u s t a t i c  f l u c t u a t i o n s  (C ro n in ,  19 8 3 ) .  I n  t h i s  s tu d y  h ig h  
r e s o l u t i o n  s t r a t i g r a p h i e  r e c o rd s  a r e  used to  e s t im a te  th e  t im in g  o f  
s e a - l e v e l  r i s e  and f a l l .  F our  r e q u i s i t e s  o f  s e a - l e v e l  d a t a  (C ro n in ,  
1983) w hich a r e  n e c e s s a r y  to  draw an acc ep ted  s e a - l e v e l  c u rv e  a r e  
in c lu d e d ;  they  a r e  (1 )  a c c u r a te  d a t i n g ,  (2 )  an a c c u r a te  s t r a n d l i n e  
i n d i c a t o r ,  (3 )  a h ig h  r e s o l u t i o n  s t r a t i g r a p h i e  r e c o r d ,  and (4 )  
p a l e o c l im a t i c  d a t a .  The s e a  l e v e l s  d is c u s s e d  in  t h i s  r e p o r t  a r e  based  
on d i r e c t  p h y s ic a l  ( c o n t i n u o u s ly  d e p o s i t e d  sed im en ta ry  sequences)  and 
b i o l o g i c a l  ( fau n a  and f l o r a )  e v id e n c e ,  and n o t  from i n d i r e c t  ev id en ce  
such as  se ism ic  s i g n a t u r e s  (P y le  e t  a l . ,  1979) o r  i s o to p i c  
f l u c t u a t i o n s  ( S h a c k le to n  and Opdyke, 1973 ) .  Sedim ents c o n ta in in g  b o th  
r e l a t i v e  s e a - l e v e l  i n d i c a t o r s  and p a l e o c l i m a t i c  d a t a  a re  ana lyzed  to  
d e te rm in e  th e  r e l a t i o n s h i p  betw een s e a  l e v e l  and c l im a t e .
6The geomorphology and s t r a t i g r a p h y  o f  th e  b a r r i e r  i s l a n d  system s 
p ro v id e  ev id en ce  f o r  l a t e  Q u a te rn a ry  s e a - l e v e l  f l u c t u a t i o n s .  P re v io u s  
s t u d i e s  p o in t in g  t o  a s e a  n e a r  t o d a y 's  l e v e l  in  m id-W iseonsinan  time 
have b e e n  s e v e r e l y  c r i t i c i z e d  (M orner, 1971; Thom, 1973; Bloom; 1983 ) .  
In  m ost c a s e s  t h e  c l o s e  s c r u t i n y  i s  w e l l  d e s e rv e d ;  d a te d  sam ples a re  
co n tam in a ted  ( C u r r a y ,  I 9 6 0 ) ,  m i s - i d e n t i f i e d  (M ill im an  and Emery,
1 9 6 8 ) ,  i n c o n s i s t e n t  (Belknap and K r a f t ,  1 9 7 7 ) ,  o r  r a d i o m e t r i c a l l y  dead 
( F i e l d  e t  a l ,  1 9 7 9 ) .  In  o t h e r  s tu d i e s  ra d io c a rb o n  d a t e s  a r e  few 
(Owens and Denny, 1 9 7 9 ) ,  from w id e ly  spaced  lo c a t i o n s  (B la ck w e ld e r  e t  
a l . ,  1 9 7 9 ) ,  o r  from p o t e n t i a l l y  s u s p e c t  m ollusk  s h e l l s  (Hoyt e t  a l . ,  
1 9 6 8 ) .  The fu n d am en ta l  p ro b lem  to  th e  r e s o l u t i o n  o f  mid-WiBConsinan 
s e a  l e v e l s  i s  th e  la c k  o f  a w e l l - d a t e d ,  s t r a t i g r a p h i c a l l y  com ple te  
sequence  w i th  a  c l e a r  b a r r i e r  f a c i e s  ( e . g .  Susman and H eron, 1979; 
Moslow, 1980 ) .  T h is  s tu d y  i s  th e  f i r s t  t o  a u t h e n t i c a t e  t h i s  h ig h  s e a -  
l e v e l  s ta n d  by c o l l e c t i v e l y  u s i n g  an abundance o f  l i t h o l o g i c ,  
s t r a t i g r a p h i e ,  g e o c h ro n o lo g ic ,  and p a l e o c l im a to lo g ic  d a t a  from a l o c a l  
r e g io n  a lo n g  th e  m id - A t la n t i c  B ig h t .  Some c a u t io n  i s  r e s e rv e d  and 
neo tec  to n i c  a d ju s tm e n ts  a r e  c o n s id e r e d .
P l e i s t o c e n e  b a r r i e r s  a r e  found landward o r  u n d e r ly in g  Holocene 
b a r r i e r s  i n  Texas and th e  s o u t h e a s t e r n  r e g io n s  o f  th e  U nited  S ta t e s  
and A u s t r a l i a .  T h is  s tu d y  a r e a  i s  th e  m ost n o r t h e r l y  p o s i t i o n  a long  
th e  A t l a n t i c  c o a s t  where a s s o c i a t e d  H olocene b a r r i e r  d e p o s i t s  a r e  
welded o n to  a P l e i s t o c e n e  b a r r i e r  r i d g e .  The b e s t  s tu d ie d  and most 
s i m i l a r  ana log  to  t h i s  s tu d y  a r e  th e  in n e r  and o u te r  b ay  b a r r i e r s  o f  
New S ou th  V a le s ,  A u s t r a l i a  (Thom e t  a l . ,  1 9 8 1 ) .  A com parison  betw een 
th e  r e s p e c t i v e  s t r a t i g r a p h i e  sequences  from  the  two r e g io n s  i s
7p re s e n te d  in  l i g h t  o f  th e  d i f f e r e n c e s  in  morphology and hydrodynamic 
reg im e.
Conformable and unconfo rm ab le  c o n ta c t s  s e p a r a t e  th e  two b a r r i e r  
i s la n d  system s o f  t h i s  s tu d y .  With a c o n t in u o u s  r i s e  o f  Holocene sea  
l e v e l  and landward m ig ra t io n  o f  th e  o u te r  b a r r i e r ,  t r a n s g r e s s i v e  in n e r  
b a r r i e r  sed im en ts  should  b e  p r e s e r v e d .  A s t r a t i g r a p h i e  m odel, 
d e p ic t in g  th e  s ta c k in g  o f  t r a n s g r e s s i v e  d e p o s i t s ,  i s  th u s  c r e a t e d .
This model a l s o  c o n s id e r s  a  Holocene s t r a t i g r a p h i e  sequence o f  
r e g r e s s iv e  o v e r  p r e s e n t l y  accu m u la tin g  t r a n s g r e s s i v e  sed im en ts  should  
th e  r e g io n  become t e c t o n i c a l l y  s t a b l e .  In  t h i s  way a d d i t i o n a l  
t r a n s g r e s s iv e  d e p o s i t s  a r e  p r e s e rv e d  as i s  th e  c a se  in  s o u th e a s t e r n  
A u s t r a l i a  (Thom e t  a l . ,  1981; Thom, 1984).
H y p o t h e s i s / P u r p o s e
The h y p o th e s i s  t e s t e d  concerned  the  e x i s t e n c e  o f  two b a r r i e r  
r i d g e s ,  b o th  t r a n s g r e s s i v e  b a r r i e r  i s l a n d s ,  one H olocene, and one l a t e  
P l e i s t o c e n e .  Sedim ents d e p o s i t e d  from each m arine  t r a n s g r e s s io n  were 
sp e c u la te d  to  be  d i s t i n c t  b u t  in  s t r a t i g r a p h i e  sequence . This 
re a so n in g  was based  on th e  geomorphology and a nearby  s tu d y  
( F i n k e l s t e i n  and F e r l a n d ,  i n  p r e p a r a t io n )  t h a t  u t i l i z e d  b a r r i e r  and 
b a c k b a r r i e r  v ib r a c o r e  d a t a .
A d e t a i l e d  s t r a t i g r a p h i e  a n a l y s i s  o f  a  tw in  b a r r i e r - i s l a n d  
complex i s  p rov ided  in  t h i s  s tu d y .  The o b je c t iv e s  a re  to  d e te rm in e :
1) th e  p r e s e r v a t i o n a l  p o t e n t i a l  and f a c i e s  r e l a t i o n s h i p  o f  b a r r i e r  
d e p o s i t s  from two m arine  t r a n s g r e s s i o n s  and 2) s e a - l e v e l  p o s i t i o n  and
8p a l e o c l i m a t i c  c o n d i t i o n s  i n  l a t e s t  P l e i s t o c e n e  t im e .  P l e i s t o c e n e  s e a -  
l e v e l  and c l i m a t i c  d a t a  a r e  o b ta in e d  from th e  same sed im e n ta ry  
sequence  on th e  c o n t i n e n t a l  m arg in  o f  V i r g i n i a .
S e p a ra te  H olocene and P l e i s t o c e n e  b a r r i e r s ,  Smith and Mockhorn 
I s l a n d ,  V i r g i n i a ,  e x h i b i t  t r a n s g r e s s i v e  s t r a t i g r a p h i e  s e q u e n c e s .  They 
a r e  backed  o r  su rro u n d ed  by  m a rsh ,  t i d a l  f l a t  and t i d a l  c h a n n e l  
en v iro n m e n ts .  T h is  geom orphology and l a t e  Q u a te rn a ry  s t r a t i g r a p h y  i s  
u n iq u e  to  t h e  m id d le  and n o r t h  A t l a n t i c  U nited  S t a t e s  c o a s t .  However, 
th e  s t r a t i g r a p h i e  r e l a t i o n s h i p s  have a p p l i c a t i o n s  to  any b a r r i e r  
c o a s t ,  p a s t  o r  p r e s e n t ,  t h a t  e x p e r ie n c e s  c y c l i c a l  m arine  
t r a n s g r e s s i o n s .
The morphology and s t r a t i g r a p h y  o f  Mockhorn I s la n d  and th e  
i s l a n d ' s  u n d e r ly in g  m ic ro fa u n a l  and m i c r o f l o r a l  a s se m b la g e s ,  as  w e l l  
as  r a d io c a rb o n  d a t e s ,  p ro v id e  d a t a  t h a t  a c c u r a t e l y  i d e n t i f i e s  a 
p a l e o s h o r e l i n e  and e s t a b l i s h e s  th e  age and p o s i t i o n  o f  a  p re v io u s  h ig h  
s tan d  o f  s e a  l e v e l .  T h is  h ig h  s e a  l e v e l  i s  a l s o  r e s p o n s ib l e  f o r  
d e p o s i t i o n  o f  P l e i s t o c e n e  sed im e n ts  be low  and a d j a c e n t  t o  th e  p r e s e n t  
m ainland s h o r e l i n e ,  th u s  th e  need to  r e e v a l u a t e  o ld e r  m ain land  
f o r m a t io n s .
T h is  a n a l y s i s  r e f i n e s  p r e s e n t  s t r a t i g r a p h i e  models o f  complex 
c o a s t a l  env ironm en ts  and i n c r e a s e s  ou r  u n d e r s ta n d in g  o f  
P le i s to c e n e /H o lo c e n e  s e a - l e v e l  movements.
9The s tu d y  a r e a  o f  t h i s  i n v e s t i g a t i o n  e x h i b i t s  in n e r  and o u te r  
b a r r i e r  sequences  o f  P l e i s t o c e n e  and Holocene ag e ,  r e s p e c t i v e l y .  Both 
show a t r a n s g r e s s i v e  s t r a t i g r a p h y .  Changes i n  se a  l e v e l  in f lu e n c e  th e  
s t r a t i g r a p h i e  sequence ,  p r e s e r v a t i o n s !  p o t e n t i a l ,  and geomorphology of 
th e se  and most o th e r  b a r r i e r  i s l a n d  com plexes.  O ther f a c t o r s  which 
c o n t r i b u t e  to  the  th r e e -d im e n s io n a l  geom etry in c lu d e  dep th  o f  
s h o re fa c e  e r o s io n ,  a n te c e d e n t  to p o g rap h y , sed im ent type  and abundance, 
and t i d a l  r a n g e .  N e v e r th e le s s ,  th e  g e n e r a l  p a t t e r n  o f  s e d im e n ta t io n  
i s  a r e f l e c t i o n  o f  th e  c y c l i c a l  r i s e  and f a l l  o f  th e  s e a .  The 
l i t e r a t u r e  p ro v id e s  a background f o r  u n d e rs ta n d in g  t h i s  r e l a t i o n s h i p . .  „ 
In  a d d i t i o n ,  o th e r  s t u d i e s  r e p o r t  s t r a t i g r a p h i e  sequences  t h a t  may be 
an a lo g o u s ,  and c h a r a c t e r i z e  a d ja c e n t  d e p o s i t s  and b a r r i e r  and 
b a c k b a r r i e r  p r o c e s s e s .  However, beca u se  p a s s iv e  m arg ins  a r e  n o t  
t o t a l l y  s t a b l e ,  s t r a t i g r a p h i e  and c l i m a t i c  r e c o rd s  from t h i s  s tudy  
a re a  may n o t  match t h a t  from a n o th e r  r e g io n  k i lo m e te r s  away (C ro n in ,
1983).
L ate  Q uate rna ry  s e a - l e v e l  s tu d i e s  a r e  p re s e n te d  below b eca u se :  1) 
s t r a t i g r a p h i e  models a r e  based  on the  i n t e r a c t i o n  o f  s e a - l e v e l  
movements w i th  d e p o s i t i o n a l  p r o c e s s e s ,  2) th e  chronology  o f  s e a - l e v e l  
f l u c t u a t i o n s  may c o n t r i b u t e  to  such a m odel, and 3) th e  d e b a te  over 
l a t e  Q ua te rna ry  s e a - l e v e l  changes a re  c o n s id e re d  in  t h i s  s tu d y .  This 
review  w i l l  h e lp  d e te rm in e  i f  p re v io u s  s e a - l e v e l  c h ro n o lo g ie s  a re  
c o n s i s t e n t  w i th  th e  geo logy  o f  t h i s  s tudy  a r e a .  An approx im ate  l a t e  











APPROXIMATE LATE QUATERNARY TIME CHART* 
P r e s e n t
10 ,000 y e a rs  B .P .
W
i  Woodfordian Substage
s
c 22 ,000 y e a r s  B .P .
o
F n F a rm d a l ian  Substage
L s
E i  34 ,000  y e a r s  B .P .
I  n
S a  A l to n ia n  Substage
T n
O 65 ,000  y e a r s  B .P .
C S
E a
N n  O xygen-Iso tope  S ubstages
E g  5A: 65-80 ,000  y e a r s  B .P .
a  5C: 90-105,000 y e a r s  B.P,
in 5E: 120-128,000 y e a r s  B.P.
o
n
125,000 y e a r s  B.P,
*  Adapted from S b a c k le to n  and Opdyke ( 1 9 7 3 ) ,  Bloom e t  a l .  ( 1 9 7 4 ) ,  Bowen 
(1 9 7 8 ) ,  Goudie ( 1 9 7 9 ) ,  and C ron in  e t  a l .  (1 9 8 1 ) .
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Late  Q uate rna ry  Sea-L evel S tu d ie s
G eod ia l c h an g e , c r u s t a l  i s o s t a t i c  re sp o n se  to  th e  removal o f  th e  
w e ig h t o f  i c e  s h e e t s , and h y d r o s t a t i c  warping c o n t r i b u t e  to  d i f f e r i n g  
Holocene (10 ,0 0 0  to  12,000 y e a rs  B .P . t o  p r e s e n t )  w orld -w ide  s e a - l e v e l  
cu rv e s  (K id so n ,  19 8 2 ) .  However, most Holocene s e a - l e v e l  s t u d i e s  ag ree  
upon a r a p i d l y  r i s i n g  sea  u n t i l  app rox im ate ly  6 ,000  y e a r s  B .P .
(Belknap and K r a f t ,  1977; L ig h ty  e t  a l . ,  1982).  C l a s s i c a l  Holocene 
s e a - l e v e l  cu rv e s  a r e  d iv id e d  in t o  th o se  t h a t  i n d i c a t e  a  s t e a d i l y  
r i s i n g  s e a  ( e . g .  S hepard , 1963; M ill im an  and Emery, 1968) and th o se  
t h a t  show f l u c t u a t i o n s  around an o v e r a l l  trend  o f  r i s i n g  se a  l e v e l  
( e . g .  F a i r b r i d g e ,  1961; 1 9 7 6 ) .  Subsequent to  6 ,000  y e a r s  B . P . ,  most 
s t u d i e s  show a  r e l a t i v e l y  slow  c o n tin u o u s  r i s e  i n  sea  l e v e l ,  a l th o u g h  
in  some r e g io n s ,  f o r  exam ple, A u s t r a l i a  (C h a p p e l l ,  1983) sea  l e v e l  has  
f a l l e n  o r  become s t a b l e .  These d i f f e r e n c e s  a r e  l i k e l y  due to  
n e o te c to n ic  movements.
Holocene s e a - l e v e l  s tu d i e s  o f  V i r g in i a  su p p o r t  th e  r e l a t i v e l y  
slow s te a d y  r i s e  o f  s e a  l e v e l  s in c e  6,000 y ea rs  B .P . A r e l a t i v e  r i s e  
in  s e a  l e v e l  a t  Wachapreague, V i r g in i a  was i n t e r p r e t e d  by Newman and 
M unsart (1968) to  have o ccu rred  s in c e  5 ,500  y e a rs  B .P .  ex ce p t f o r  a 
m arine  r e g r e s s io n  o r  c o a s t a l  upwarping p r i o r  to  4 ,400  y e a rs  B .P .  The 
l a t t e r  c o n c lu s io n  was based  on two ra d io c a rb o n  d a t e s  from sm all  
samples o f  humic ac id  and may be in  e r r o r .  A more d e t a i l e d  l a t e  
Holocene s e a - l e v e l  cu rv e  i s  p re s e n te d  by F i n k e l s t e i n  and F e r la n d  ( i n  
p r e s s )  in  a s tu d y  o f  th e  V i r g in i a  b a r r i e r  is la n d  c h a in .  This r e l a t i v e  
s e a - l e v e l  cu rv e  shows a phase  o f  m odera te  sea  l e v e l  r i s e  betw een 3 ,800  
and 2 ,200  y e a rs  B .P . and a time o f  s low er  s e a - l e v e l  r i s e  from 2,200 
u n t i l  th e  l a s t  s e v e r a l  c e n t u r i e s .  Tide gauge d a t a  from Hicks e t  a l .
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(1983) su p p o r te d  a more dynamic p r e s e n t  r a t e  o f  s e a - l e v e l  r i s e  on th e  
o rd e r  o f  a p p ro x im a te ly  2 .0  t o  3 .6  mm/yr.
R e l a t i v e  A t l a n t i c  c o a s t a l  p l a i n  s e a - l e v e l  p o s i t i o n s  d u r in g  th e  
l a s t  200 ,000 y e a r s  w ere r e p o r te d  by C ro n in  e t  a l .  ( 1 9 8 1 ) .  On th e  
b a s i s  o f  m u l t i p l e  p a le o e n v i ro n m e n ta l  c r i t e r i a  in c lu d in g  U ra n iu m -s e r ie s  
d a t in g  o f  c o r a l s ,  t h r e e  r e l a t i v e l y  h i g h e r  than  p r e s e n t  Sangamon s e a  
l e v e l s  w ere fo u n d , 7 .5  + 1 .5  m a t  120 ,000  y e a r s  B . P . ,  6 .5  + 3 . 5  m a t  
9 4 ,0 0 0 ,  and 7 .0  + 3 m a t  7 2 ,0 0 0 .  T h is  com posite  s e a - l e v e l  c h ro n o lo g y  
f o r  th e  A t l a n t i c  C o a s ta l  P l a i n  i s  i n c o n s i s t e n t  w i th  in d e p e n d e n t  
e s t i m a t e s  o f  e u s t a t i c  s e a - l e v e l  p o s i t i o n s  from New G uinea ( 6 .0  m a t
125,000 y e a r s  B . P . ,  -15  m a t  1 0 3 ,0 0 0 ,  and -13 m a t  8 2 ,0 0 0 )  (Bloom e t  
a l . ,  1 9 7 4 ) ,  Bermuda (5 m a t  124,000 y e a r s  B .P .  and +? m a t  97 ,000) 
(Harmon e t  a l . ,  1978) and Barbados (5 m a t  125,000 y e a r s  B . P . ,  -43  m 
a t  1 0 5 ,0 0 0 ,  and -45  m a t  82,000) ( F a i rb a n k s  and M athews, 1'978), and 
on ly  p a r t i a l l y  fo l lo w s  S h ac k le to n  and O pdyke's  (1973) oxygen i s o t o p e  
c u r v e .  High s e a - l e v e l  s t a g e s  5E, 5C, and 5A (T ab le  1) o f  th e  oxygen 
i s o to p e  s e a - l e v e l  c u rv e  o f  S h a c k le to n  and Opdyke (1973) c o r r e l a t e  w ith  
th e  New Guinea and B arbados ( e a r l i e r  work by B roeker e t  a l . ,  1968; 
M e s o le l la  e t  a l . ,  1969) e r o s i o n a l  c o r a l  r e e f  t e r r a c e s  d a te d  ab o v e .  
However, C ron in  e t  a l .  (1981) b e l i e v e d  n e o t e c to n i c  mechanisms o r  
i n c o r r e c t  c u r r e n t  e u s t a t i c  s e a - l e v e l  e s t i m a t e s  a c c o u n t  f o r  th e  
d i s c r e p a n c ie s  betw een t h e i r  s tu d y  and th o s e  above. I n  a d d i t i o n ,  th e  
F a irb a n k s  and Mathews (1978) sea  l e v e l s  a r e  c o n s id e r a b ly  d i f f e r e n t  
from th o s e  found e a r l i e r  (B roecke r  e t  a l ,  1968; M e s o le l la  e t  a l . ,
1969) and th e re b y  q u e s t io n  th e  a ssu m p tio n  o f  c o n s t a n t  t e r r a c e  u p l i f t .  
F i n a l l y ,  s t u d i e s  u s in g  s t r a t i g r a p h i e  and g e o c h ro n o lo g ic  te c h n iq u e s  
i n d i c a t e  th e  p o s s i b i l i t y  o f  s e v e r a l  m idd le  and l a t e  P l e i s t o c e n e
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t r a n s g r e s s io n s  on many c o a s t s  t h a t  do n o t  co rresp o n d  to  t h e  e l e v a t i o n  
o f  th e  Barbados-New Guinea s e a - l e v e l  m odel, a l th o u g h  th e  ages  of 
h ig h s ta n d s  a r e  com parable (C ro n in ,  1983).
The s e a  l e v e l  and sequences  o f  s e a - l e v e l  changes a r e  l e s s  known 
f o r  th e  W isconsinan G l a c i a t i o n .  P o s t - g l a c i a l  m e lt in g  has submerged 
most s e a - l e v e l  i n d i c a t o r s .  However, submerged s h o re fa c e s  o f  
P le i s t o c e n e  and e a r ly  Holocene age have b een  recogn ized  on th e  
c o n t i n e n t a l  s h e l f  betw een Chesapeake Bay and Long I s l a n d .  These 
in d ic a te d  a g l a c i a l  s e a - l e v e l  minimum o f  ap p ro x im a te ly  -85  m (D i l lo n  
and O ld a le ,  1978) abou t 18,000 y e a r s  B .P .
On th e  b a s i s  o f  ra d io c a rb o n  d a t e s ,  a l l  n e a r  the  up p er  l i m i t  o f  
the  age g ro u p ,  many s tu d ie s  r e p o r te d  a m id-W isconsinan s e a  l e v e l  n e a r  
o r  a t  p r e s e n t  l e v e l .  D ates  from some s t u d i e s  (C u rra y ,  1960; M illim an 
and Emery, 1968; F i e l d  e t  a l . ,  1979) have been  c h a l len g e d  (Z e l lm e r ,  
1979; Bloom, 1983 ) .  O ther s t u d i e s  though , have used f ix e d  s e a - l e v e l  
i n d i c a to r s  such as s a l t - m a r s h  p e a t  and sh a llo w  lagoon fau n a  to  su p p o r t  
a m id-W isconsinan h ig h s ta n d  (B lackw elder e t  a l . ,  1979; Owens and 
Denny, 1979; Susman and H eron, 1979).  However, d a t a  on P l e i s t o c e n e  
ic e  volumes a rg u e  s t r o n g ly  a g a i n s t  h ig h  m id-W isconsinan s e a  l e v e l s  
(Thom, 1973; Bloom, 1983 ) .  S h ack le to n  and Opdyke (1973) showed sea  
l e v e l  no h ig h e r  th an  -50 m from 7 5 ,0 0 0 , to  20 ,000 y e a r s  B .P .  Bloom e t  
a l .  (1974) e s t im a te d  -28  m f o r  th e  60,000 y e a r  p a le o se a  l e v e l ,  -38  m 
f o r  4 1 ,0 0 0 ,  and -41 m f o r  2 8 ,0 0 0 .  In  a d d i t i o n ,  Harmon e t  a l .  (1978) 
found sea  l e v e l  to  be a t  l e a s t  8 m below p r e s e n t  l e v e l  38 ,000 y e a rs  
B .P . O thers  who c h a l le n g e d  t h i s  s e a - l e v e l  h ig h s ta n d  were Morner 
(19 7 1 ) ,  Thom (1 9 7 3 ) ,  S tap o r  and Tanner (1 9 7 3 ) ,  and Thom e t  a l .  (1 9 8 1 ) .
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T ec to n ic  u p l i f t  b r in g in g  a lower m id-W isconsinan  s h o r e l i n e  to  
p r e s e n t  l e v e l s ,  r a t h e r  than  a  e u s t a t i c  r i s e  in  s ea  l e v e l  was a l s o  n o t  
a c c e p ta b le  to  Bloom (1 9 8 3 ) .  A l a rg e  u p l i f t  o f  1 to  2 m/1000 y r s  would 
be  r e q u i r e d  to  b r in g  th e  s h o r e l i n e  from t h e i r  i n f e r r e d  l e v e l s  o f  
fo rm a t io n  a t  -38  to  -42 m t o  p r e s e n t  s e a  l e v e l .  However, Bloom (1983) 
d id  concede  t h a t  some com bina tion  o f  de layed  mid-W isconsinan i s o s t a t i c  
d e p r e s s io n  a long  th e  s o u th e a s t e r n  c o a s t  o f  th e  U nited  S ta t e s  combined 
w i th  an a b ru p t  i n t e r s  t a d i a l  r i s e  o f  s e a  l e v e l  cou ld  have produced a 
l i t t o r a l  r e c o rd  t h a t  i s  now above o r  a t  p r e s e n t  s e a  l e v e l .
P a le o c l im a t i c  d a t a  from a sed im en ta ry  sequence can  document 
c l i m a t i c  change th e re b y  p o s s i b l y  e s t a b l i s h i n g  a r e l a t i o n s h i p  between 
s e a —l e v e l  change and c l i m a t e . .  I f  th e  change in  c l im a te  th rough  time 
i s  w ell-know n i t  c an  b e  used to  d a t e  s e d im e n ts .  The a n a l y s i s  o f  
sed im en ts  c o n ta in in g  b o th  d a t a b l e  r e l a t i v e  s e a - l e v e l  i n d i c a t o r s  and 
p a l e o c l i m a t i c  d a t a ,  such as p o l l e n  and m arine  m i c r o f o s s i l s ,  i s  an 
i d e a l  way to  check  th e  t im in g  o f  a  s e a - l e v e l  e v e n t .  S tu d ie s  o f  t h i s  
k ind  a r e  r a r e  (C ro n in ,  1983); however, S i r k in  e t  a l .  (1977) com pleted 
a  r e l e v a n t  l a t e  Q ua te rna ry  p a l e o c l im a t i c  s tu d y .  They analyzed  p o l l e n  
from ra d io c a rb o n  d a te d  sed im en ts  o f  th e  c e n t r a l  Delmarva P e n in s u la .
The c l im a t e  28,000 to  30,000 y e a r s  B .P , was found to  b e  c o o l e r  and 
d r i e r  th a n  a t  p r e s e n t  and su p p o r te d  many f l o r i s t i c  e lem en ts  t h a t  today 
a re  found in  n o r t h e r l y  a r e a s .  However, d u r in g  th e  same time p e r io d  on 
Long I s l a n d ,  New Y ork , m i c r o f l o r a l  assem blages su g g e s t  a c l im a t i c  
warming t h a t  r e s u l t e d  in  te m p era te  c o n d i t io n s  ( S i r k i n  and S tu c k e n ra th ,
1980).
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S t r a t i g r a p h i e  S tu d ie s  o f  B a r r i e r  Complexes
S t r a t i g r a p h i e  sequences  o f  th e  b a r r i e r  i s la n d  complex were f i r s t  
s tu d ie d  a long  th e  m i c r o t i d a l  c o a s t  o f  th e  Gulf o f  Mexico ( F i s k ,  1959; 
LeBlanc and Hodgson* 1959; S hepard , 1960; Bernard e t .  a l . ,  1959;
1962) .  Geologic h i s t o r i e s  o f  P a d re  and G alves ton  I s l a n d s  were 
proposed by F is k  (1959) and Bernard  e t  a l .  (1 9 6 2 ) ,  r e s p e c t i v e l y .
These s tu d i e s  showed t h a t  P ad re  I s la n d  had ex perienced  a h i s to r y  o f  
v e r t i c a l  a g g ra d a t io n  w h ile  G a lves ton  I s la n d  prograded  seaw ard . These 
e a r l y  works became th e  c l a s s i c s  and stood  a lone  in  th e  l i t e r a t u r e  f o r  
y e a r s .  Both G a lv es to n  and P ad re  I s la n d  a r e  r e p r e s e n t a t i v e  
s t r a t i g r a p h i e  models o f  b a r r i e r s  i n  an ex tre m e ly  l im i te d  d e p o s i t i o n a l  
s e t t i n g ;  t h a t  i s ,  a r a p i d l y  s u b s id in g  b a s in  w ith  a h ig h  f l u v i a l  
sed im ent supp ly  in  a m i c r o t i d a l ,  low-wave energy  environm ent (from  
Moslow, 1980 a f t e r  H ayes, 1979 ) .  T h e re fo re ,  th e  l i m i t a t i o n s  o f  th e s e  
examples as  u n i v e r s a l  models shou ld  be reco g n ized  (Moslow, 1980); f o r  
exam ple, Reinson (1979) p o in te d  o u t  t h a t  m arine  s an d s to n es  were o f t e n  
i n c o r r e c t l y  i n t e r p r e t e d  u s in g  o n ly  th e  G alves ton  I s la n d  b a r r i e r  m odel.
A rev iew  o f  b a r r i e r  i s la n d  s t r a t i g r a p h i e  sequences was g iven  by 
K r a f t  and C h rzas to w sk i (1 9 8 5 ) .  Recent s tu d i e s  based on s t r a t i g r a p h i e  
sequences have shown t h a t  b a r r i e r s  can  be d iv id e d  in t o  th r e e  
c a t e g o r i e s :  (1 )  s t a t i o n a r y  o r  v e r t i c a l  b u i l d - u p ,  (2) r e g r e s s i v e ,  and 
(3 )  t r a n s g r e s s i v e  (D ick in so n  e t  a l . ,  1’972) . W ithin th e s e  
s t r a t i g r a p h i e  sequences  t i d a l  i n l e t  d e p o s i t s  a r e  more commonly 
p re se rv ed  than  o t h e r  b a r r i e r  i s l a n d  d e p o s i t s  (Moslow and Tye, 1985).  
However, f l u c t u a t i o n s  in  s ea  l e v e l  and a v a i l a b i l i t y  o f  sedim ent may 
enhance chances  o f  p r e s e r v a t i o n  o f  r e g r e s s iv e  a n d /o r  t r a n s g r e s s iv e  
d e p o s i t s .
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The c l a s s i c a l  example o f  a v e r t i c a l  b u i l d - u p  b a r r i e r  i s la n d  i s  
P ad re  I s l a n d ,  w hich has  e x p e r ie n c e d  a h i s t o r y  o f  i n - p l a c e  a c c r e t i o n  
f o r  th e  l a s t  4 ,0 0 0  y e a r s  ( F i s k ,  1 9 5 9 ) .  N in e ty  M ile  Beach in  
G ip p s la n d ,  A u s t r a l i a  i s  a n o th e r  example o f  a  b a r r i e r  o f  t h i s  type  
(Thom, 1984)* IF.S. A t l a n t i c  c o a s t  b a r r i e r s  do  n o t  f i t  t h i s  m odel.
D e t a i l s  o f  th e  r e g r e s s i v e  v e r t i c a l  sequence  o f  sed im en ts  produced  
by seaw ard ,  p ro g ra d in g  b a r r i e r s  have been  d e s c r ib e d  by B ernard  e t  a l .  
(1 9 7 0 ) ,  D avies e t  a l .  ( 1 9 7 1 ) ,  and Moslow (1 9 8 0 ) .  The m ost p e r t i n e n t  
t r e n d s  observed  in c lu d e  a  c o a r s e n in g  upward sequence  o f  sed im en t and a 
change from d o m in a n tly  b io g e n ic  (bo ttom ) to  d o m in an tly  p h y s i c a l  ( to p )  
s t r u c t u r e s  (Moslow, 1 9 8 0 ) .  K r a f t  e t  a l .  (1978) a t  Cape H enlopen, 
D e law are ,  and Moslow and Heron (1979) a t  Cape Lookout,  N orth  C a r o l in a  
s tu d ie d  r e g r e s s i v e  v e r t i c a l  sequences  produced by  s p i t  a c c r e t i o n  
w i t h i n  p o r t i o n s  o f  r e t r o g r a d i n g  b a r r i e r  i s la n d  c h a i n s .  A change from 
a t r a n s g r e s s i v e  to  a  r e g r e s s i v e  baymouth b a r r i e r  sequence was shown by 
Thom e t  a l .  (1 9 7 8 ; 1981) and Thom (1984) in  New South  W ales ,  A u s t r a l i a  
r e s u l t i n g  in  p r e s e r v a t i o n  o f  th e  t r a n s g r e s s i v e  s e d im e n ts .  In  
a d d i t i o n ,  s in c e  4 ,0 0 0  y e a r s  B .P .  an i n i t i a l  p r im a ry  t r a n s g r e s s i v e  
b a r r i e r  i s la n d  h as  b een  p r e s e r v e d  landward o f  e p i s o d ic  b u i l d i n g  
p r o g r a d a t io n a l  b e a c h  r i d g e  b a r r i e r  i s l a n d s  in  South  C a r o l in a  (Moslow 
and Colquhoun, 1 9 8 1 ) .
A h y p o t h e t i c a l  t r a n s g r e s s i v e  b a r r i e r  sequence  was f i r s t  d e s c r ib e d  
by F i s c h e r  i n  1961. S p e c i f i c  i n t e r e s t  in  th e  s t r a t i g r a p h y  o f  th e se  
b a r r i e r  system s in c re a s e d  l i t t l e  u n t i l  a lm ost a  decade  l a t e r .  In  
1971, K r a f t  p r e s e n te d  a d e t a i l e d  b o re h o le  s tu d y  in  D elaw are t h a t  
p rov ided  a c o n c e p tu a l  b a s i s  f o r  much f u tu r e  w ork. S u b se q u e n tly ,  K r a f t  
and h i s  co -w o rk e rs  ( K r a f t  e t  a l . ,  1973; K r a f t  e t  a l . ,  1978; K r a f t  and
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John* 1978; K r a f t  e t  a l . ,  1979) have th o ro u g h ly  documented th e  
v e r t i c a l  sequence  o f  t r a n s g r e s s i v e  baymouth and e B tu a r in e  b a r r i e r s  in  
D elaw are .  Many modern b a r r i e r s  a r e  s i m i l a r l y  r e t r o g r a d in g  and e x h i b i t  
a t r a n s g r e s s i v e  s t r a t i g r a p h y  due to  a r i s i n g  s e a  l e v e l  and l im i t e d  
sed im en t s u p p ly  ( S w i f t ,  1968; D i l l o n ,  1970; Belknap and K r a f t ,  1977, 
W ilkenson and B a s s e ,  1978 , Moslow and H eron, 1979; L eatherm an, 1985; 
N iedoroda e t  a l . ,  1 9 8 5 ) .
The s t r a t i g r a p h y  o f  th e  b a c k b a r r i e r  p o r t i o n  o f  a Holocene b a r r i e r  
i s l a n d  complex was r e p o r te d  by Boothroyd e t  a l  ( 1 9 8 5 ) .  They found 
t h r e e  d e p o s i t i o n a l  s e d im e n ta ry  env ironm ents  beh ind  th e  wave~ilominated 
m i c r o t i d a l  b a r r i e r s  o f  Rhode I s l a n d :  f lo o d  t i d a l  d e l t a s ,  s u b t i d a l  
s to rm -s u rg e  p l a t f o r m s ,  and b a c k - la g o o n ,  low en erg y  b a s i n s .  A d e c re a s e  
in  th e  s i z e  o f  th e  lagoon  w i th  in c re a s e d  sed im en t i n f l u x  was 
c a l c u l a t e d .  P e e b le s  (1984) r e p o r te d  a  model u s in g  c o a s t a l  p l a i n  
d e p o s i t s  from V i r g i n i a  t h a t  d e s c r ib e d  th e  l a t e  P l e i s t o c e n e  
s t r a t i g r a p h i e  s u c c e s s io n  t h a t  o ccu rred  d u r in g  a m arine  t r a n s g r e s s i o n .  
W ith in  b a c k b a r r i e r  o r  embayed en v iro n m en ts ,  b a s a l  la g  d e p o s i t s ,  
dom inated by C r a s s o s t r e a  v i r g i n i c a t g ra d e  upward s u c c e s s iv e l y  i n t o  
f i n e  s a n d ,  th e n  s i l t  and c l a y .  T h is  model may b e  a p p l ie d  to  th e  
sed im e n ta ry  sequence  found landward o f  Smith I s l a n d .
Under s t a b l e  t e c t o n i c  c o n d i t i o n s ,  t r a n s g r e s s i v e  b a r r i e r  sed im en ts  
a r e  g e n e r a l l y  t h i n n e r  th a n  r e g r e s s i v e  d e p o s i t s  and a r e  o f t e n  d e s t ro y e d  
d u r in g  b a r r i e r  r e t r o g r a d a t i o n .  N e v e r th e le s s ,  t h e i r  c y c l in g  w ith  
r e g r e s s i v e  d e p o s i t s  may c r e a t e  th i c k  sand b o d ie s  as  m arine  sequences  
become s ta c k e d  (Ruby, 1 9 8 1 ) .  The p r e s e r v a t i o n a l  p o t e n t i a l  o f  
t r a n s g r e s s i v e  b a r r i e r  d e p o s i t s  i s  a fu n c t io n  o f  th e  d e p th  o f  s h o re f a c e  
e ro s io n  ( F i s c h e r ,  1 9 6 1 ) ,  a s  w e l l  as  p r e - e x i s t i n g  to p o g rap h y ,  wave
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e n e rg y ,  sed im en t s u p p ly ,  e r o s io n  r e s i s t e n e e ,  t i d a l  r a n g e ,  and r a t e  o f  
s e a - l e v e l  change  (Belknap and K r a f t ,  1 9 8 1 ) .  P r e s e rv e d  t r a n s g r e s s iv e  
seq u en ce s  were reco g n iz e d  i n  the  rock  r e c o rd  by B r id g e s  (1976) and 
C o t t e r  (1 9 8 3 ) .  T r a n s g r e s s iv e  b a r r i e r  system s w ere  a l s o  shown 
p re s e rv e d  as  h ig h s ta n d  s h o r e l i n e s  in  a  tim e s t r a t i g r a p h i e  fashion i n  
s o u th e a s t e r n  D elaw are  (D em ares t e t  a l . ,  1981).
L oca l Geology
1 . C o a s t a l  g e o lo g y :  S e v e ra l  geom orphic ,  s e d im e n to lo g ic , and  loca l  
s t r a t i g r a p h i e  s t u d i e s  o f  t h e  so u th e rn  A t l a n t i c  s i d e  o f  t h e  Delmarva 
P e n in s u l a  have b e e n  c o m p le te d .  H ost o f  th e se  a r e  a d j a c e n t  to or 
o v e r la p  th e  s tu d y  a r e a .
A na lyses  o f  h i s t o r i c a l  s h o r e l i n e  r e c o rd s  f o r  th e  e n t i r e  V i rg in ia  
b a r r i e r  i s l a n d s  were shown in  r e p o r t s  b y  Rice e t  a l .  (1 9 7 6 )  and Rice 
and Leatherm an ( 1 9 8 3 ) .  Sm ith  I s la n d  h as  r e t r e a t e d ,  more o r  less 
s t e a d i l y ,  to  t h e  n o r th w e s t ,  s in c e  1853 (R ic e  e t  a l . ,  1 9 7 6 ) .  Mean 
Smith I s la n d  r e t r e a t  o r  e r o s i o n  r a t e s  ra n g in g  be tw een  4 and  15 m eters  
p e r  y e a r  may, f o r  exam ple, b e  compared w i th  Core B anks ,  N orth  C a r o l in a  
( 1 .0  m e te r s  p e r  y e a r  e r o s io n )  and A t l a n t i c  C i t y ,  New J e r s e y  (0 .8  
m e te rs  p e r  y e a r  a c c r e t io n )  (R ic e  e t  a l . ,  1976; D o lan  e t  a l . ,  1979;
Rice and L ea therm an , 1 9 8 3 ) .
A h ig h  r e s o l u t i o n  s e i s m ic  survey  and 12 s h a l lo w  c o r e s  o u t l in e  t h e  
g e n e r a l  s t r a t i g r a p h i e  r e l a t i o n s h i p  be tw een  T e r t i a r y ,  P l e i s t o c e n e ,  and 
Holocene sed im en ts  ( S h id e l e r  e t  a l . ,  1 9 8 4 ) .  They found t h e  
m o rp h o lo g ica l  developm ent o f  th e  a r e a  was c o n t r o l l e d  by  g l a c i o -  
e u s t a t i s m  and p a le o to p o g ra p h ic  f e a t u r e s .  Newman and M u n sa r t  (1968)
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undertook  a s u b su r fa c e  s tu d y  in  a sm a l l  a r e a  n e a r  Wachapreague, 
V i r g in i a !  ap p ro x im ate ly  50 k i lo m e te r s  n o r th  o f  Smith I s l a n d  
(F ig u re  1 ) .  They de term ined  t h a t  th e  b a r r i e r  i s l a n d s  and lagoons in  
t h a t  area  have b e e n  in  e x i s t e n c e  f o r  a t  l e a s t  th e  l a s t  5 ,500  y e a r s .  
F u r th e rm o re ,  th e y  found t h a t  marsh c o l o n iz a t io n  began  a b o u t  1,000 
y e a r s  B.P. M orton and D o n a ld so n 's  (1973) work on t i d a l  i n l e t s  a t  
n ea rb y  Parram ore I s l a n d ,  V i r g in i a  (F ig u re  1) in d i c a te d  t h e  i n l e t s  have 
been  r e l a t i v e l y  s t a b l e  th ro u g h o u t th e  Holocene. The s u r f i c i a l  
sed im ents  from th e  so u th e rn  Delmarva t i d a l  f l a t s  w ere  d e s c r ib e d  by 
H arr iso n  (1 9 7 2 ) .  Biggs (1970) d is c u s s e d  in  g e n e r a l  te rm s the  o r i g i n  
and g e o lo g ic a l  h i s t o r y  o f  A ssa teague  I s l a n d ,  Maryland and V irg in ia  
(F ig u re  1 ) ,  b r i e f l y  r e p o r t i n g  on th e  b a r r i e r  i s l a n d s  s o u th  of 
A ssa teague  I s l a n d .  Based on th e  p re se n c e  o f  a p e a t  l a y e r  i n t e r p r e te d  
as a  s a l t  marsh d e p o s i t  in  a number o f  b o r in g s ,  B iggs (1970) 
hyp o th es ized  a b a r r i e r  i s l a n d  system  e x i s t e d  seaward o f  t h e  p re s e n t  
one app rox im ate ly  4,000 to  5 ,000 y e a rs  B .P . Biggs d id  n o t  fo rm u la te  
any d e p o s i t i o n a l  models o f  th e  system . S ev e ra l  j e t  pump b o r in g s  in  
th e  b a c k b a r r i e r  environm ent to  the  n o r th  o f  the  s tu d y  a r e a  were ta k e n  
by  Halsey (1978) who used them to  c o n s t r u c t  th r e e  l i t h o l o g i c  c r o s s -  
s e c t i o n s  f o r  p a leo e n v iro n m e n ta l  i n t e r p r e t a t i o n .  O n like  F i s h e r  (1 9 6 8 ) ,  
who p o s tu la te d  th e  o r ig i n  o f  segmented b a r r i e r  i s l a n d s  by  i n l e t s  
b re a c h in g  s p i t s ,  H alsey (1978) de term ined  t h a t  th e  p r e s e n t  
c o n f ig u r a t i o n  o f  t h e  V i rg in ia  segmented b a r r i e r s  had been  m ain ta ined  
th ro u g h  the  Holocene t r a n s g r e s s io n .  H alse’’ (1978) developed  the 
"nexus"  model o f  b a r r i e r  developm ent by g e n e r a l ly  s tu d y in g  the 
Holocene and pre-H olocene  sed im ents  o f  th e  e n t i r e  Delmarva P e n in s u la .  
This  model d e s ig n a t e s  the  i n l e t s  as f l u v i a l  p a le o c h a n n e ls  w ith  th e
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V ir g in i a  b a r r i e r  i s la n d s *  o f  which Smith I s la n d  i s  one of*  perched  and 
r e t r e a t i n g  upon i n t e r f l u v e  d i v i d e s .
The o f f s h o r e  s t r a t i g r a p h i e  r e c o rd  seaward o f  nearby  A ssa teague  
I s la n d  was d e s c r ib e d  by  F i e l d  ( 1 9 8 0 ) .  He found th e  ocean  bo ttom  to  b e  
a h ig h ly  b i o t u r b a t e d  rew orked sand presum ably d e r iv e d  from e ro d in g  
b a r r i e r  i s l a n d s .  U nderneath  t h i s  u n i t  a t r u n c a te d  3 .0  to  4 .5  m th ic k  
f i n e  g ra in ed  d e p o s i t  o f  Holocene e s tu a ry *  t i d a l  f l a t ,  o r  lag o o n a l  
o r i g i n  r e s t s  upon p re -H o lo cen e  f l u v i a l  o r  e s t u a r i n e  se d im e n ts .
S ed im en ta t io n  w i th i n  b a c k b a r r i e r  r e g io n s  s i m i l a r  to  t h a t  o f  
V i r g in i a  was ad d ressed  by  Lucke ( 1 9 3 4 ) .  Lucke s t a t e d  t h a t  the  
p re se n c e  o f  many i n l e t s  was r e s p o n s ib l e  f o r  r a p id  la g o o n a l  f i l l i n g  f a r  
from the  head land  s o u r c e .  He sugges ted  t h a t  sand* s i l t  and c l a y  a r e  
t r a n s p o r te d  th rough  i n l e t s  and th en  trapped  and d e p o s i te d  w i th in  the 
b a c k b a r r i e r  en v iro n m en t.  In  a d d i t io n *  a s t a b l e  b a c k b a r r i e r  s a l i n i t y  
would tend to  f o s t e r  m arsh  growth which in  tu r n  would a id  in  th e  
t r a p p in g  and d e p o s i t i o n  o f  f i n e  sand* s i l t *  and c l a y .  The upper 
sed im ents  o f  much of th e  n ea rb y  D elaw are lagoons a r e  d o m in an tly  sand 
and s i l t .  M ig ra t in g  t i d a l  d e l t a s *  overwash and e o l i a n  p ro c e s se s*  and 
e rod ing  b a c k b a r r i e r  h ig h la n d s  c o n t r i b u t e  sand to  th e  b a c k b a r r i e r  
r e g io n  (K ra f t*  19 7 1 ) .  Meade (1982) found t h a t  th e  most l i k e l y  s in k s  
f o r  r i v e r  sed im en t a long  th e  s o u th e a s t  A t l a n t i c  seaboard  a r e  the  
e x te n s iv e  s a l t  marshes t h a t  l i e  b eh in d  th e  b a r r i e r  i s l a n d s .  Large 
e s t u a r i e s  p r e v e n t  c o a r s e - g r a in e d  r i v e r  sed im ents  from re a c h in g  the  
b a c k b a r r i e r  env ironm en ts  o f  th e  m id -A t la n t ic  r e g io n .  However, K e lle y
(1980) reco g n ized  t h a t  suspended sed im en t from Delaware Bay i s
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d e p o s i t e d  in  s o u th e r n  New J e r s e y  la g o o n s .  S i m i l a r l y , suspended 
sed im en t from C hesapeake Bay may b e  d e p o s i t e d  beh ind  th e  V i r g i n i a  
b a r r i e r  i s l a n d s .
2 .  M ainland g e o lo g y :  The a d j a c e n t  m ain land  geo logy  o f  th e  s o u th e rn  
Delmarva P e n in s u la  v a s  r e p o r te d  by Mixon ( 1 9 8 5 ) .  The m a rg in a l-m a r in e  
Wachapreague F o rm atio n  b o r d e r s  th e  s tu d y  a r e a  t o  th e  v e s t  and in c lu d e s  
th e  Upshur N eck -B ell  Neck sand r i d g e  complex 35 km to  th e  n o r t h .  The 
d e p th  to  th e  Wachapreague F o rm a t io n  be low  m ain land  f r i n g i n g  Holocene 
d e p o s i t s  i s  d i s c u s s e d  l a t e r .  The Wachapreague F orm ation  may 
in c o r p o r a te  two c h r o n o s t r a t i g r a p h i c  u n i t s .  Landward and 
s t r a t i g r a p h i c a l l y  be low  t h e  Wachapreague F o rm ation  a r e  th e  m arine  
Joynes Neck Sand and th e  B u t l e r s  B l u f f  member o f  th e  Nassawadox 
F o rm a t io n .  The l a t t e r  was i n t e r p r e t e d  to  r e p r e s e n t  b a r r i e r - s p i t  and 
n e a r s h o r e - s h e l f  e n v i ro n m e n ts .  Mixon (1985) d e s c r ib e d  th e  Wachapreague 
F o rm atio n  as c o a r s e n in g  upw ard . He b e l i e v e d  i t  was a p a r t  o f  th e  
f i n a l  r e g r e s s i v e  p h a se  o f  a Sangamon t r a n s g r e s s i v e - r e g r e s s i v e  c y c le  
r a t h e r  th an  a  s e p a r a t e  m a jo r  t r a n s g r e s s i o n  in  m id-W isconsinan  t im e .  
Mockhorn I s l a n d  was p o s t u l a t e d  to  be  p a r t  o f  th e  Wachapreague 
F o rm atio n  and and th u s  l a t e  Sangam on-early  W isconsinan  in  age* b u t  
more d e t a i l e d  s t u d i e s  to  b r a c k e t  th e  age o f  Mockhorn I s l a n d  were 
s u g g e s te d  (Mixon, 19 8 5 ) .
Owens and Denny (1979) p o s tu l a t e d  a d i f f e r e n t  l a t e  P l e i s t o c e n e  
g e o l o g ic a l  h i s t o r y .  T h e i r  S in ep u x e n t F o rm atio n  documented a m id -  
W isconsinan  h ig h  s ta n d  a p p ro x im a te ly  30*000 y e a r s  B .P . The S inepuxen t 
F o rm ation  may c o r r e l a t e  w i th  th e  Mockhorn I s l a n d  d e p o s i t s  o f  t h i s  
s tu d y .
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Belknap (1979) a l s o  r e p o r te d  on th e  r e g i o n a l  c o a s t a l  p l a i n  
g eo lo g y .  He made p a le o g e o g ra p h ic  r e c o n s t r u c t i o n s  o f  th e  e n t i r e  
A t l a n t i c  s i d e  o f  th e  D elm arva P e n in s u la  from 1 . 8  m i l l i o n  y e a r s  B .P . to  
th e  p r e s e n t  b ased  on amino a c id  r a c e m iz a t io n  d a t i n g  and a n a l y s i s  o f  
l i t h o l o g y ,  p a le o e c o lo g y ,  and geom orphology. D uring  th e  l a t e  
P l e i s t o c e n e } d e p o s i t i o n  o f  m a rin e  sed im en ts  on t h e  p r e s e n t  mainland 
were found to  o c c u r  d u r in g  fo u r  t im e p e r i o d s :  1) 60 -70 ,000  y e a r s  B .P . ,
2) 85 -95 ,000  y e a r s  B . P . ,  3) 110 ,000  y e a r s  B . P . ,  and 4) 120 ,000 y e a rs  
B .P .
In  th e  N o r fo lk ,  V i r g i n i a  r e g i o n ,  P e e b le s  (1984) r e a s s ig n e d  th e  
l a t e  P l e i s t o c e n e  fo rm a t io n s  o f  Oaks and Coch (1973) ( t h e  G rea t  B r id g e ,  
S an d b r id g e ,  L ondonbridge ,  and K em p sv il le  F o rm atio n s)  to  th e  S e d g e f ie ld  
and Lynnhaven members o f  th e  Tabb F o rm atio n  (Johnson  e t  a l . ,  1981 ) .
Both th e s e  members p ro b a b ly  p r e - d a t e  th e  Wachapreague F o rm a t io n .
C onfus ion  rem ains  on th e  t im in g  o f  e v e n ts  d u r in g  th e  l a t e  
P l e i s t o c e n e .  F o r  example Hixon (1985) showed th e  Mappsburg S c a rp ,  th e  
s c a rp  betw een th e  Wachapreague F o rm ation  and Joynes  Neck Sand, to  have 
formed ab o u t 80 ,000 y e a r s  B .P .  w h i le  D emarest and Leatherm an (1985) 
r e p o r te d  i t  was 600 ,000 y e a r s  o l d .  M ixon 's  (1985) B u t l e r s  B l u f f ,
Joynes Neck, and Wachapreague u n i t s  may be  r e s p e c t i v e l y  c o r r e l a t i v e  to  
th e  t h r e e  members o f  th e  Sangamon Tabb F o rm ation  o f  Johnson e t  a l .
(1981) from th e  Y ork-Jam es P e n in s u la .  Belknap showed t h a t  h i s  fo u r  
d e p o s i t i o n a l  u n i t s  may a c t u a l l y  be  t h r e e  and t h e r e f o r e  th e y  m ight 
c o r r e l a t e  w i th  u n i t s  from th e  o th e r  two s t u d i e s .  Johnson (1976) 
c a l l e d  th e  l a t e s t  Sangamon u n i t  th e  Poqouson Member o f  th e  Tabb 
Form ation  which form ed , as  a m o s tly  r e g r e s s i v e  d e p o s i t ,  when s e a  l e v e l  
was 3 m above to  a p p ro x im a te ly  1 .5  m below p r e s e n t  s e a  l e v e l .  The age
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o f  t h i s  Member was e s t im a te d  a t  65 ,000  y e a r s  B .F .  (Johnson  e t  a l . ,  
1985) and may c o r r e l a t e  w i th  th e  y ounges t P l e i s t o c e n e  Delmarva 
s h o r e l i n e  o f  D em arest and Leatherm an (1985) and th e  Wachapreague 
F o rm atio n  o f  Mixon ( 1 9 8 5 ) .  However, the  h e i g h t  o f  th e  Poquoson does  
n o t  e x a c t l y  m atch t h a t  o f  th e  Wachapreague F o rm a t io n .  F u r th e rm o re ,  
Mixon (1985) shows a  c o n t a c t  s e p a r a t i n g  u p p e r  and lower Wachapreague 
F o rm atio n  d e p o s i t s .  A lthough  t h i s  ch ro n o lo g y  i s  u n c e r t a i n ,  th e  
e s ta b l i s h m e n t  o f  m id -W isconsinan  d e p o s i t s ,  w hich Mockhorn I s l a n d  may 
be  a p a r t  o f ,  and i t s  c o r r e l a t i o n  to  o th e r  r e g io n s  i s  even l e s s  c l e a r .  
A s tu d y  to  c o r r e l a t e  t h e  c o a s t a l  p l a i n  g eo logy  o f  V i r g in i a  i s  in  
p ro g re s s  ( B e r q u ia t  e t  a l . ,  i n  p r e p a r a t i o n ) .
3 .  Neotec to n ic  g e o lo g y :  S tu d ie s  o f  v e r t i c a l  c r u s t a l  movement (H o ld ah l 
and M o rr iso n ,  1974) and g l a c i a l  i s o s t a t i c  a d ju s tm e n ts  ( C l a r k ,  1981) 
have in d i c a te d  a  p o s s i b i l i t y  f o r  l o c a l l y  s lo w e r  Holocene r e l a t i v e  s e a -  
l e v e l  r i s e  a long  V i r g i n i a ' s  s o u th e r n  b a r r i e r  i s l a n d s  as compared to  
th o s e  i n  th e  n o r t h .  T h is  may e x p la in  th e  l a r g e  s o u th e rn  b a c k b a r r i e r  
a r e a  b e c a u se  o f  a r e l a t i v e l y  " s lo w e r"  b a r r i e r  i s la n d  landward 
m i g r a t i o n .  C u r r e n t  r a t e s  o f  s u b s id e n c e  a r e  1 .2  mm/yr a t  Cape C h a r l e s ,  
1 .6  mm/yr a t  Wachapreague I n l e t  and 2 .0  mm/yr a t  A ssa teague  I s l a n d  
(H o ld ah l and M o rr is o n ,  1974) ( F ig u r e  1 ) .  C a u t io n  must b e  used  in  
e x t r a p o l a t i n g  th e s e  c u r r e n t  s u b s id e n c e * r a te s  back  th ro u g h o u t th e  
e n t i r e  H olocene . F o r  exam ple, p r e s e n t  u s e  o f  g roundw ater  may be  
c a u s in g  h ig h e r  l o c a l  s u b s id e n c e  r a t e s .  A d d i t i o n a l l y  a 2 .0  mm/yr 
su b s id e n c e  r a t e  o v e r  4000 y e a r s  would g iv e  8 m o f  s u b s id e n c e ;  t h i s  i s  
c o n s id e r a b ly  h ig h e r  th a n  shown by th e  sea  l e v e l  c u rv e s  o f  Newman and 
M unsart (1968) and F i n k e l s t e i n  and F e r la n d  ( i n  p r e s s ) .  N o r th - s o u th
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t r e n d in g  Mockhorn I s l a n d  i s  h ig h e r  and b e t t e r  developed  in  th e  so u th  
and ap p ea rs  to  d i p  be low  th e  m arsh in  th e  n o r th  i n d i c a t i n g  a  g r e a t e r  
s u b s id e n c e  in  th e  n o r t h  s in c e  th e  developm ent o f  t h i s  f e a t u r e .
R e g io n a l ly ,  h y d r o i s o s t a s y  ( t h e  c r u s t a l  i s o s t a t i c  a d ju s tm e n t  to  
th e  r e d i s t r i b u t i o n  o f  mass from c o n t i n e n t a l  i c e  to  ocean w a te r  d u r in g  
g l a c i a l - i n t e r g l a c i a l  t r a n s i t i o n s )  may accoun t f o r  emerged p re -H o lo c e n e  
m a rin e  d e p o s i t s  on th e  C o a s ta l  P l a i n .  C o a s ta l  u p l i f t  o cc u rre d  as  an 
in c r e a s e  i n  w a te r  volume d e p re s s e d  ocean b a s in s  and a d j a c e n t  
c o n t i n e n t s  ro s e  from  r e d i s t r i b u t i o n  o f  m an tle  mass (W a lc o t t ,  1 9 7 2 ) .  
E v idence  f o r  H olocene  a d ju s tm e n t  o f  t h i s  type  i s  shown by  Belknap and 
K r a f t  (1 9 7 7 ) .  They f in d  a  s t r o n g  seaward t i l t  o f  th e  o u t e r  
c o n t i n e n t a l  s h e l f  w hereby th e  o u t e r  s h e l f  o v e r  th e  B a l t im o re  Canyon 
t ro u g h  g e o s y n c l in e  has  su b s id ed  a p p ro x im a te ly  40 m in  th e  l a s t  10 ,000  
y e a r s .  F o r  a s i n g l e  d e g l a c i a t i o n  w ith  a  100 m s e a - l e v e l  r i s e ,  c o a s t a l  
u p l i f t  i s  p r e d i c t e d  (C ro n in ,  1 9 8 1 ) .  But in  a r e a s  o f  th e  c o l l a p s i n g  
p e r i p h e r a l  f o r e b u l g e ,  such  as t h i s  s tu d y  a r e a ,  submergence w i l l  r e s u l t  
from m a n tle  f low  b ack  in t o  g l a c i a t e d  r e g io n s  (C la rk  e t  a l . ,  1978 ) .  
L i th o s p h e r ic  f l e x u r e  from sed im en t u n lo a d in g  due  to  e ro s io n  may have 
c au sed  some lo n g e r  te rm  i s o s t a t i c  u p l i f t  (C ro n in ,  1981; C ro n in  e t  a l . ,
1 9 8 1 ) .
H a r r i s o n  e t  a l .  (1965) c a l l e d  fo r  betw een 12 and 49 m o f  u p l i f t  
a t  t h e  Chesapeake Bay mouth in  th e  l a s t  18,000 y e a r s .  T h e i r  
c o n c lu s io n  vaB b a s e d  on th e  d i f f e r e n c e  in  e l e v a t i o n  betw een a deep 
c h a n n e l  n e a r  A n n a p o l i s ,  M aryland , and a  deep c h a n n e l  n e a r  th e  mouth o f  
th e  Chesapeake Bay. The A nnapo lis  ch an n e l  i s  s i x  m e te rs  low er th an  
th e  Chesapeake Bay mouth c h a n n e l .  However, ev id en ce  i s  in c o n c lu s iv e  
t h a t  th e s e  two c h a n n e l  l o c a t io n s  were c u t  con tem poraneously  ( P e e b le s ,
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1 9 8 4 ) .  A d d i t i o n a l l y ,  th e  Susquehanna R iv e r  c h a n n e l  was found to  c u t  
a c ro s s  th e  s o u th e r n  Delm arva P e n i n s u l a  d u r in g  t h e  m iddle  and l a t e  
P l e i s t o c e n e ,  n o r t h  o f  t h e  p r e s e n t  Chesapeake Bay mouth l o c a t i o n  
(Mixon, 1 9 8 5 ) .
Summary
T r a n s g r e s s iv e  and r e g r e s s i v e  sed im e n ta ry  r e c o r d s  o f  b a r r i e r  
i s l a n d  system s a r e  a v a i l a b l e  from many c o a s t a l  r e g i o n s .
T r a n s g r e s s i v e / r e g r e s s i v e  c y c l e s  p r o v id e  a means f o r  p r e s e r v in g  
t r a n s g r e s s i v e  b a r r i e r  i s l a n d  d e p o s i t s .  These sequences  a r e  o f t e n  
c o r r e c t l y  t i e d  w i th  changes  i n  s e a  l e v e l  b u t  shou ld  n o t  b e  a c c e p te d  as 
p ro o f  o f  a  s e a  l e v e l  o s c i l l a t i o n .  I n  a d d i t i o n ,  p r e s e r v a t i o n  o f  
m a rg in a l  m a rin e  sed im en ts  i s  d e p e n d e n t  upon o t h e r  f a c t o r s  b e s id e s  s e a -  
l e v e l  movement. N e v e r th e l e s s ,  s e a - l e v e l  f l u c t u a t i o n s  d u r in g  th e  l a t e  
Q u a te rn a ry  a r e  r e s p o n s i b l e  f o r  d e p o s i t i o n  o f  s e v e r a l  d i s t i n c t  
l i t h o l o g i c  u n i t s .  The tim e  and ty p e  o f  d e p o s i t  h as  been  a s u b j e c t  o f  
much i n t e r e s t ,  on th e  Delmarva P e n in s u la  and w o r ld -w id e .  C o n fu s io n  
o v e r  t h e  h e i g h t  and t im in g  o f  l a t e  P l e i s t o c e n e  s e a  l e v e l s  s t i l l  e x i s t  
d e s p i t e  in n o v a t iv e  a n a l y t i c a l  t o o l s .  Some a u th o r s  have looked toward 
n e o te c to n i s m  f o r  an answ er .  U n f o r tu n a t e ly ,  p a l e o c l i m a t i c  d a t a ,  w hich 
r e l a t e s  c l i m a t e  and s e a  l e v e l  an d ,  i n d i r e c t l y  t im e ,  a re  la c k in g  in  
many s t r a t i g r a p h i e  and s e a - l e v e l  s t u d i e s .
G e o lo g ic a l  s t u d i e s  a d j a c e n t  t o ,  o r  w i th in  th e  s tu d y  a r e a  a r e  
o f t e n  s p e c i f i c  in  t h e i r  ty p e  o f  d a t a .  Combined, th e y  p ro v id e  e i t h e r  
background in fo rm a t io n  o r  can  b e  in c o rp o ra te d  in t o  th e  p r o s p e c t i v e  
d e p o s i t i o n a l  and s e a - l e v e l  h i s t o r y .  F o r  i n s t a n c e ,  r a t e s  o f  s h o r e l i n e  
change ,  a  s e a - l e v e l  c u r v e ,  and i n l e t  geom etry  a r e  a v a i l a b l e  f o r  th e
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l a t e  Holocene* S tu d ie s  a l s o  have been  com pleted  on th e  o l d e r  d e p o s i t s  
o f  th e  a d j a c e n t  m ainland and su b su rfa ce*  S im i la r  s ed im en ta ry  
env ironm ents  s tu d ie d  e lsew h ere  have been  c l e a r l y  d e s c r ib e d  and 
c h a r a c t e r i z e d .
P h y s i c a l  S e t t in g
The a r e a  o f  i n v e s t i g a t i o n  com prises  an in n e r  and o u te r  b a r r i e r  
i s l a n d ,  Smith I s l a n d  and Mockhorn I s l a n d ,  V i r g i n i a ,  and t h e i r  a d ja c e n t  
n e a r s h o re  and b a c k b a r r i e r  sub -env ironm en ts  (F ig u re  2 ) .  Located  on the 
s o u th e rn  Delmarva P e n in s u la ,  th e  s tu d y  a r e a  i s  bounded by M y rtle  
I s la n d  and the  Chesapeake Bay e n t ra n c e  on th e  n o r th  and s o u th ,  
r e s p e c t i v e l y  (F ig u re  1 ) .  The e a s t - w e s t  l i m i t s  o f  t h i s  s tudy  a r e  th e  
s h o re fa c e  o f  Smith I s l a n d  and th e  mainland b a c k b a r r i e r  s h o r e l i n e  
(F ig u re  2 ) .  These b a r r i e r  i s l a n d s  a r e  s e p a ra te d  from each o th e r  and 
th e  m ainland by broad  expanses  o f  m arsh ,  mud f l a t s ,  and t i d a l  c r e e k s .  
B order ing  th e  m ain land  s h o r e l i n e  and landward o f  Mockhorn I s l a n d  i s  
Magothy Bay, a 2-3  km wide body o f  s a l t - w a te r *  Magothy Bay i s  on ly  
about 1 m deep ex ce p t f o r  a 4-10 m d e e p ,  200 m w id e ,  p a r t i a l l y  
d red g ed ,  t i d a l  c h a n n e l .
The r e g io n  i s  a n a t u r a l  b a r r i e r  system  r e l a t i v e l y  unm odified  by 
man. Evidence o f  b a r r i e r  r e t r o g r a d a t i o n  a n d /o r  e ro s io n  i s  shown by 
r e l i c t  m arsh c rop p in g  o u t  on th e  lower fo re s h o re  and sh o re fa c e  o f  
Smith I s l a n d .  The s tu d y  a r e a  c o v e rs  a  wide range  o f  c o a s t a l  
env iro n m en ts ,  f a c i e s  a s s o c i a t i o n s ,  and g eo lo g ic  t im e .  N early  a l l  sub­
environm ents  o f  th e  b a r r i e r  system  a r e  r e p r e s e n t e d .  They in c lu d e  
b a r r i e r  i s l a n d s ,  t i d a l  i n l e t s  and d e l t a s ,  s a l t  m arsh es ,  t i d a l  f l a t s ,
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s u b t i d a l  lagoon o r  b a y ,  and t i d a l  ch an n e ls  (F ig u re  3 ) .  The u p p e r  te n  
m e ters  o f  u n c o n s o l id a te d  Holocene and P l e i s to c e n e  sed im en t a r e  th e  
p r im ary  c o n s id e r a t io n  o f  t h i s  p a p e r ;  however d ee p e r  s ed im en ta ry  u n i t s  
appear i n  s e ism ic  sub -bo ttom  r e c o r d s .
The s o u th e rn  Delmarva P e n in s u la  i s  p a r t  o f  th e  A t l a n t i c  C o a s ta l  
P l a i n  p r o v in c e .  This  p ro v in c e  c o n s i s t s  o f  a sequence o f  m ain ly  
u n c o n so l id a te d  c l a s t i c  d e p o s i t s  t h a t  d ip  g e n t ly  and th ic k e n  eas tw ard  
( S h id e l e r  e t  a l . ,  1984 ) .  Upper P l e i s t o c e n e  sedim ents  a r e  p r im a r i l y  o f  
b a r r i e r ,  b a c k b a r r i e r ,  and f o r e s h e l f  o r i g i n  ( F i e l d ,  1980; Mixon, 1985). 
T h e re fo re ,  t r u n c a te d  y e t  s i m i l a r l y  g e n e ra te d  p re-H olocene  d e p o s i t s  
should  b e  found Delow p r e s e n t  day  accum ula ting  Holocene s e d im e n ts .
Smith I s la n d  i s  ap p ro x im a te ly  11 km lo n g .  The n o r th e r n  8 km o f  
th e  i s la n d  i s  200 m in  w id th  and no more th an  1 .5  m h ig h  above mean 
s e a  l e v e l  (MSL). The s o u th e rn  p o r t i o n  i s  a  broad  beach  r id g e  a r e a .
The d i s t a n c e  from th e  Smith I s la n d  to  th e  mainland ranges  from about 
10 km a t  th e  n o r th  end o f  th e  s tu d y  a r e a  to  5 .5  km a t  th e  so u th  end. 
The b a c k b a r r i e r  r e g io n  i s  a p p ro x im a te ly  one t h i r d  open bay and t i d a l  
channe l  and two t h i r d s  t i d a l  f l a t ,  s a l t  m arsh ,  and b a r r i e r  i s l a n d .  
Smith I s la n d  i s  r a p i d l y  r e t r o g r a d in g  a t  a h i s t o r i c a l  r a t e  ra n g in g  
betw een 4 and 15 m p e r  y e a r  (R ic e  e t  a l . ,  1976; Dolan e t  a l . ,  1979; 
Rice and Leatherm an, 1983 ) .  F o re s te d  beach  r id g e s  a t  th e  s o u th e rn  end 
o f  th e  i s l a n d ,  o f  abou t 2 m e te rs  in  h e ig h t  (MSL), a r e  ev id en ce  f o r  
l a t e r a l  p ro g ra d a t io n  though th e  s o u th e rn  end o f  the  i s la n d  has 
r e t r e a t e d  n o r th  a n e t  d i s t a n c e  o f  abou t 630 m s in c e  1853 (R ic e  e t  a l . ,  
1976).  The i s la n d  i s  p r e s e n t l y  bounded on th e  n o r th  and so u th  by two 
s m a l l  i n l e t s .  On the  n o r th e r n  f la n k  i s  the  app rox im ate ly  2 to  3 m 
deep mean low w a te r  (MLW) L i t t l e  I n l e t  and to  the  so u th  i s  Smith
F ig u r e  3 .  The geomorphic r e l a t i o n s h i p  betw een th e  two
b a r r i e r s ,  Smith I s l a n d  (1 )  and Mockhorn I s la n d  ( 2 ) ,  
i s  shown. The m a jo r  b a c k b a r r i e r  subenv ironm ents  
in c lu d e  A. m arsh ;  B. t i d a l  f l a t ;  C. open lagoon ;
D. s h e l t e r e d  la g o o n ; E. t i d a l  c h a n n e l / c r e e k ;
F .  m ain land  s h o r e l i n e .
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I s la n d  I n l e t ,  a  wide b u t  v e ry  sha llow  i n l e t  w ith  a  maximum d e p th  o f  
on ly  1 m (MLW). S e v e ra l  ephem eral i n l e t s  a r e  reco g n ized  on Smith 
I s l a n d ;  two o f  w h ich , now c l o s e d ,  have been r e p o r te d  open f o r  extended 
p e r io d s  o ver  th e  l a s t  50 y e a r s .  One i s  Bungalow I n l e t ,  which i s  
lo c a te d  n e a r  th e  c e n t e r  o f  th e  i s la n d  and shown open on th e  1979 Ship 
S hoa l,  V i r g in i a  US6S 7 1 /2  m inute q u a d ra n g le .  The o t h e r  i s  unnamed 
b u t  i s  shown on h i s t o r i c a l  maps and c h a r t s  and o ld e r  a e r i a l  
p h o to g rap h s .  I t  i s  lo c a te d  j u s t  n o r th  o f  th e  beach  r id g e s  a t  the  
s o u th e rn  end o f  th e  i s l a n d .
Mockhorn I s l a n d  (F ig u re s  2 ,  3 ,  4 ) ,  lo c a ted  n e a r  th e  c e n t e r  o f  th e  
b a c k b a r r i e r  r e g io n ,  i s  app ro x im ate ly  12 km long and g e n e r a l l y  l e s s  
than  300 m wide and 2 m (MSL) h ig h  (F ig u re  5 ) .  I t  t r e n d s  n o r t h -  
n o r th e a s t  p a r a l l e l  to  th e  m ainland and has a s t e e p e r  w e s te rn  f la n k .  
Mockhorn I s la n d  d im in ish e s  i n  e l e v a t i o n  to  th e  n o r t h .  I t  i s  a 
P le i s t o c e n e  b a r r i e r .
The boundary  betw een th e  b a c k b a r r i e r  o r  mainland s h o r e l i n e  and 
th e  upland  i s  d e f in e d  by a sh a rp  l i n e a r  c o n t a c t .  Marshes and sand 
beaches  l i e  betw een th e  up land  and Hagothy Bay. P l e i s t o c e n e  f l u v i a l  
and m arine  s i l t s ,  sands and g r a v e l s  (Mixon, 1985) a r e  as  h ig h  as 3 m, 
500 m from t h i s  s h o r e l i n e .
The A t l a n t i c  c o a s t  o f  th e  Delmarva P e n in s u la  has  a s em id iu rn a l  
t i d e  w i th  a range  o f  abou t 1 m ( F i e l d , '1 9 7 9 )  • The t i d a l  range  i s  
assumed c o n s ta n t  f o r  th e  l a t e  Q u a te rn a ry .  The so u th e rn  Delmarva 
A t l a n t i c  C oast i s  open to  a t t a c k  by b o th  t r o p i c a l  s to rm s (h u r r ic a n e s )  
and e x t r a t r o p i c a l  s torm s ( n o r t h e a s t e r s ) .  H urricanes  a r e  g e n e r a l ly  the  
most s e v e re  type o f  s to rm  a long  the Delmarva P e n in s u la  (U .S .  Army 
E ngineer D i s t r i c t ,  B a l t im o re ,  1972) b u t  n o r t h e a s t e r s ,  though u s u a l ly
F ig u re  4 .  An a e r i a l  p h o to g ra p h  o f  Mockhorn I s la n d  i s  shown.
The a d j a c e n t  and en c ro a ch in g  Holocene b a c k b a r r i e r  
env ironm ents  can  b e  re c o g n iz e d .  A lso  n o te  th e  
n e a r l y  p a r a l l e l  o r i e n t a t i o n  o f  th e  i s la n d  when 
compared to  t h e  m ainland ( a t  t o p ) .

F ig u re  5 .  In  t h i s  pho to  th e  p o s i t i o n  and h e ig h t  o f  Mockhorn 
I s la n d  i s  shown r e l a t i v e  to  th e  encroach ing  s a l t  
marsh v e g e t a t i o n .  The h e ig h t  o f  th e  I s la n d  
ranges  betw een 1 .5  to  2 .0  m.
__ :-...,._. 
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having  lower v e l o c i t y  w inds a s s o c ia t e d  w i th  them, a r e  g e n e r a l ly  of 
lo n g e r  d u r a t io n  and o c c u r  more f r e q u e n t ly .  The l a s t  s i g n i f i c a n t  
h u r r ic a n e  in  t h i s  r e g io n  o ccu rred  in  1960 and th e  l a s t  major 
n o r t h e a s t e r  was th e  g r e a t  "Ash Wednesday" s to rm  o f  March 1962.
The p redom inan t wind d i r e c t i o n s  a r e  from th e  n o r th w e s t  to  
n o r t h e a s t ,  p r e v a l e n t  d u r in g  autumn and w i n t e r ,  and w i th  winds o f  
m agnitude o f t e n  g r e a t e r  than  32 km /hr (U .S . Army E ng ineer  D i s t r i c t ,  
N o rfo lk ,  1971 ) .  The n o r t h e r l y  winds produce c u r r e n t s  and a wave 
approach  d i r e c t i o n  from th e  n o r t h  which r e s u l t s  in  a n e t  s o u th e r ly  
longsho re  t r a n s p o r t  o f  sed im en t .  P r e v a i l i n g  winds from th e  so u th  
range  in  v e l o c i t y  from 14.5  to  22 .5  km /hr ( U .S . . Army E ngineer 




To d e te rm in e  th e  d e p o s i t io n a l  g eo lo g y  and ch ro n o lo g y  o f  th e  s tu d y  
a r e a ,  th e  s u r fa c e  and su b su rfa c e  sed im en ts  were examined u s in g  
boxcores and v ib r a c o r e s .  I n i t i a l l y ,  sam pling  s t a t i o n s  w ere w idely  
sp aced , b u t ,  as a g e n e ra l  p ic tu r e  o f  th e  su b su rfa c e  geo logy  d e v e lo p e d , 
more s t a t i o n s  were added to  b e t t e r  d e te rm in e  th e  th ic k n e s s e s ,  c o n ta c t  
r e l a t i o n s h i p s ,  and d ia g n o s t ic  c h a r a c t e r i s t i c s  o f  u n i t s ,  f a c i e s ,  and 
d e p o s i t io n a l  en v iro n m en ts . To p ro v id e  th e  th re e -d im e n s io n a l geom etry  
o f  d e p o s i t s  a s s o c ia te d  w ith  Mockhorn I s l a n d ,  sam pling was p a r t i c u l a r l y  
c lo s e ly  spaced on o r  n ea rb y  th e  i s l a n d .  In  th i s  way th e  s t r a t i g r a p h ic  
seq u en ce , a g e , and p r e s e r v a t io n a l  p o t e n t i a l  o f  th e se  d e p o s i t s  co u ld  be 
found . T ra n se c ts  w ere s e t  up s h o r e - p a r a l l e l  and sh o re -n o rm al to  
Mockhorn I s la n d .  The l a t t e r  t r a n s e c t s  p rov ided  an u n d e rs ta n d in g  o f  
th e  r e la t io n s h ip s  betw een  d e p o s i ts  from  th e  two b a r r i e r  is la n d  
sy stem s . The geo logy  betw een  co re s  was confirm ed u s in g  se ism ic  
re c o rd s  from  subbottom  p r o f i l e s .  Thus sed im en ts a s s o c ia te d  w ith  th e  
Mockhorn I s la n d  b a r r i e r  co u ld  be fo llo w ed  to  d ep th s  below  th a t  
p o s s ib le  by  c o r in g . In  a d d i t io n  d e e p e r  and o ld e r  u n i t s  were 
d e l in e a t e d .
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Core C o l le c t io n  and D e s c r ip t io n
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The d a t a  b a se  f o r  t h i s  s tu d y  c o n s is te d  p r in c i p a l l y  o f  v ib r a to r y  
and b o x co res  from  th e  b a r r i e r  i s la n d s  and b a c k b a r r ie r  r e g io n .
L o ca tio n s  o f  each  c o re  a re  shown in  F ig u re s  2 and 6 . V ib ra c o re s ,  
u n l ik e  j e t  pump b o r in g s  o r  a u g e r in g , p ro v id ed  a  m ostly  u n d is tu rb e d  
sed im en ta ry  re c o rd  w ith  w e ll p re se rv e d  p h y s ic a l  and b io g e n ic  
sed im en ta ry  s t r u c t u r e s .  In  a d d i t io n ,  v ib ra c o re  subsam ples were 
s u b je c t  to  p a le o n to lo g ic a l ,  m in e ra lo g ic a l ,  and geochem ical a n a ly se s  
w ith o u t th e  c o n ce rn  o f  c o n ta m in a tio n  from  d e e p e r  o r  sh a llo w e r sed im ent 
h o r iz o n s . These d a ta  allow ed fo r  r e c o g n i t io n  o f  sed im en ta ry  f a c ie s  
and d e p o s i t io n a l  se d im e n ta ry  en v iro n m en ts .
A f te r  f i e l d  packag ing  and t r a n s p o r ta t io n  to  th e  la b o ra to ry ,  
v ib ra c o re s  w ere s p l i t  by a r o ta r y  saw w ith  a c a rb id e  b i t .  A ll  c o re s  
w ere c a r e f u l ly  c u t  in  h a l f ,  le n g th w is e , u s in g  an  e le c tro -o s m o tic  k n if e  
(C hem lick , 1967) o r  p ia n o  w ir e ,  b o th  o f  which caused  a  minimum o f  
d is tu rb a n c e  to  s t r u c t u r e s .  P ho tog raphy  o f  th e  c o re s  fo llo w e d . 
D e s c r ip t io n  o f  each  c o re  in c lu d ed  th e  m ajor p h y s ic a l  and b io lo g ic a l  
sed im en ta ry  s t r u c t u r e s  and th e  rem ains o f  m ost m icro and macro 
f o s s i l s .  Sedim ent sam ples w ere s e le c te d  from th e  m idd le  o f  each 
sed im en ta ry  f a c ie s  o r  d e p o s i t io n a l  en v iro n m en t. T e x tu ra l ,  o rg an ic  
m a t te r ,  and m in e ra lo g ic a l  a n a ly se s  w ere com pleted u s in g  te c h n iq u e s  
d e sc r ib e d  by  B a ll (1 9 6 4 ) ,  G ross (1 9 7 1 ) , and F o lk  (1 9 7 4 ).
R e p re s e n ta tiv e  c o re s  c o n ta in in g  b a c k b a r r ie r  sed im en ts  w ere s e le c te d  
f o r  X -rad io g rap h s u s in g  m ethods o f Bouma (1969) and Howard and F rey  
(1 9 7 5 ) . R ad iocarbon  d a te s  w ere o b ta in ed  where s u i t a b le  o rg an ic  
m a te r ia l  was p r e s e n t .  P o lle n  was analyzed  from  pre-H o locene  sed im en ts
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F ig u re  6 . L o c a tio n  map o f  th e  s tu d y  a re a  w ith  v ib ra c o re  s t a t i o n s  and 
p r in c i p a l  t r a n s e c t  l i n e s  n o te d .
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fo r  p a le o c l im a t ic  in fo rm a tio n  and compared to  s im i la r  p o l le n  d e sc r ib e d  
nearby  th a t  was a b s o lu te ly  age d a te d .  Whenever p o s s i b le ,  two m ethods, 
is o to p ic  and p a l e o n to lo g ic , w ere used f o r  d a t in g  sed im en ts  ( s e e  Brush 
e t  a l . , 1 9 8 2 ).
B oxcores w ere c o l le c te d  from  modern env ironm ents (F ig u re  2 ) .
They w ere ta k e n  to  d e te rm in e  th e  p h y s ic a l  and b io lo g ic a l  
c h a r a c t e r i s t i c s  o f  m ost b a r r i e r  su b -en v iro n m e n ts . These 
c h a r a c t e r i s t i c s  w ere compared to  th e  v ib ra c o re  sed im en ts  to  b e t t e r  
c a te g o r iz e  o ld e r  u n i t s .  In  a d d i t io n  two g rab  sam ples w ere ta k e n  from 
Mockhorn C hannel and one from  th e  form er f lo o d  t i d a l  d e l t a  o f  an 
ephem eral I n l e t  (F ig u re  2 ) .
V ib raco re s  and Found C ores
k
T ra n se c t l in e s  and c o re  lo c a t io n s  w ere f i r s t  de te rm in ed  and then  
drawn on to p o g rap h ic  m aps. These s i t e s  w ere lo c a te d  in  th e  f i e l d  and, 
w ith  th e  a id  o f  a U .S . Army h e l i c o p te r ,  m ost were marked by s ta k e s  
p r i o r  to  th e  c o re  c o l l e c t i o n .  The geom orphology and b o a t 
a c c e s s i b i l i t y  p layed  a r o l e  in  d e te rm in in g  th e  lo c a t io n  o f  each  c o r e .  
N e v e r th e le s s ,  c o re s  a lo n g  and betw een t r a n s e c t s  w ere g e n e ra l ly  le s s  
th an  1 km a p a r t ,  e s p e c i a l l y  w here th e  s t r a t ig r a p h y  was m ost ch an g eab le  
( e . g . ,  n e a r  Mockhorn I s la n d )  (F ig u re  6 ) .  T ide  ta b le s  and d ia g n o s t ic  
m arsh g ra s s e s  w ere used  to  d e te rm in e  th e  approx im ate e le v a t io n s  o f  th e  
c o re  h o le  s i t e s .  An a tte m p t was made to  ta k e  most c o re s  a t  mean sea  
le v e l  (MSL) and th i s  l e v e l  was used  as a  datum  fo r  a l l  c ro s s  s e c t io n s .
The e le v a t io n  o f  each c o re  i s  g iv e n  in  Appendix I .
S u b su rface  s t r a t i g r a p h i c  d a t a  from 68 b o re h o le s  were o b ta in e d .
65 were v ib ra c o re s  and 3 w ere s h o r t  d iv e r  in tru d e d  c o re s  from th e
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upper sh o re fa c e  o f  Sm ith I s la n d  (c o re  6A, 6B, 6C) (F ig u re  6 ) .
Aluminum i r r i g a t i o n  p ip e ,  7 .6  cm in  d ia m e te r ,  was used f o r  a l l  c o r e s .  
Core le n g th  v a r ie d  depend ing  upon th e  lo c a t io n  and m ethodology. D iv e r  
in tru d e d  c o re s  w ere pounded in to  th e  sed im ent w ith  a sledgeham m er ty p e  
d e v ic e  (borrow ed from  CERC, Waterways E xperim ent S ta t io n .  V ick sb u rg ,
MS) b u t  w ere l e s s  th a n  70 cm b eca u se  th e  s h o re fa c e  sands w ere n o t 
f u l l y  p e n e t r a te d .  N earshore  v ib ra c o re s  (c o re  6D, 6E, 9A) w ere le s s  
th an  3 m lo n g . The m a jo r i ty  o f  th e  v ib ra c o re s  w ere 3 to  9 m in  
le n g th .  The s h o r te r  o f  th e s e  were ta k e n  on Mockhorn I s la n d  o r  th e  
m ainland beach  w here P le is to c e n e  sed im en ts  a re  a t ,  o r  n e a r ,  th e  
s u r f a c e .  One o f  th e  v ib r a c o r e s ,  c o re  G on Mockhorn I s l a n d ,  was from  
S h id e le r  e t  a l .  (1 9 8 4 ) . A com plete  l i th o lo g ic  d e s c r ip t io n  and 
en v iro n m en ta l i n t e r p r e t a t i o n  a re  p ro v id ed  in  A ppendix I .
The v ib r a c o r e r  c o n s i s t s  o f  a fo u r-h o rse p o w e r B riggs  and S t r a t to n  
g a s o l in e  en g in e  m od ified  c o n c re te  com pactor d e s c r ib e d  by F in k e l s t e in  
and P r in s  (1981) a f t e r  th e  m ethodology o f  Lanesky e t  a l .  (1 9 7 9 ) . The 
v ib r a to r  head was a t ta c h e d  to  th e  7 .6  cm i r r i g a t i o n  p ip e  w ith  a hinged 
clam p. The p ip in g  was h e ld  in  a v e r t i c a l  p o s i t i o n  and th e  com bination  
o f  g r a v i ty  and v ib r a t io n  caused  th e  p ip e  to  in t ru d e  in to  th e  sed im en t. 
The v ib r a t io n  s e t s  up a low am p litu d e  (0 .1  to  1 .0  mm) s ta n d in g  wave 
w hich f lu id iz e d  and d is p la c e d  sed im en t a d ja c e n t  to  th e  c o re  p ip e  
(L anesky e t  a l . ,  1 9 7 9 ). C ores w ere e x tra c te d  w ith  com ealongs and a 
4 .2  m t a l l  aluminum tr ip o d  . The th r e e  n e a rs h o re  v ib ra c o re s  w ere 
e x tra c te d  u s in g  th e  b o a t 's  w inch .
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B oxcores
E lev en  box co res  (a p p ro x im a te ly  14x21x26.5 cm) w ere ta k e n  from  
Sm ith I s la n d  and M agothy Bays (F ig u re  2 ) .  T h ree  more w ere c o l l e c t e d ,  
two from  th e  t i d a l  f l a t  and one from  th e  m arsh  a d ja c e n t  to  Sm ith 
I s la n d  Bay (F ig u re  2 ) .  The c o re s  were c o l l e c t e d  fo llo w in g  a  method 
d e s c r ib e d  by Howard and F rey  (1975) and Shipp  (1 9 8 0 ) . E s s e n t i a l l y ,  
th e  b o x c o re r  c o n s is te d  o f  a 7 .5  l i t e r  heavy aluminum can  w ith  th e  
b o tto m  c u t  o u t .  The c a n  was o r ie n te d  and fo rc e d  in to  th e  se d im e n t.
The c o re s  w ere e x c a v a te d , s e a le d  and t r a n s p o r te d  to  th e  la b o r a to r y  fo r  
a n a l y s i s .  In  th e  l a b o r a to r y ,  some boxco res  w ere ex tru d ed  by  s lo w ly  
in c r e a s in g  th e  p r e s s u r e  in  th e  to p  o f  th e  c o r e  box  w ith  fo rc e d  a i r  and 
a llo w in g  th e  c o re  to  s l i d e  o u t th e  b o tto m ; o th e r s  sim ply  s l i d  o u t .
Each b o x c o re , in c lu d in g  i t s  a s s o c ia te d  modern d e p o s i t io n a l  
e n v iro n m e n t, i s  d e s c r ib e d  in  T ab le  2 .
Seism ic  Subbottom  P r o f i l e s
To supp lem ent th e  v ib r a c o re  d a t a ,  h ig h  r e s o lu t io n  se ism ic  
subbo ttom  p r o f i l e s  w ere  c o l le c te d  (F ig u re  7 ) .  The s tro n g  c o re  c o n t r o l  
a llow ed  th e  more d i s t i n c t i v e  s t r a t i g r a p h i c  u n i t s  to  be  re c o g n iz e d  in  
th e  se is m ic  re c o rd . Of g r e a t  i n t e r e s t  was th e  P le is to c e n e /H o lo c e n e  
u n co n fo rm ity  th a t  m arks th e  Mockhorn I s la n d  t r a n s g r e s s io n .
U n fo r tu n a te ly ,  th e  w a te r  d e p th  2 km e a s t  and 1 km w est o f  Mockhorn 
I s la n d  i s  l e s s  th an  2 m. In  p la c e s  th e  c lo s e n e s s  o f  th e  hydrophone to  
th e  c h a n n e l f lo o r  in t e r f e r e d  w ith  th e  se ism ic  s ig n a l  and b lu r r e d  much 
o f  th e  r e c o r d .  H owever, some subbottom  re c o rd  was o b ta in e d  from below  
sh a llo w  w a te r  env ironm ents*  Subbottom  d a ta  was a ls o  c o l l e c t e d  below
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TABLE 2
LITHOLOGIC DESCRIPTION AND DEPOSITIONAL ENVIRONMENT OF BOX CORES
Box C ore N o..
S u rfa c e  P-BPthj D e p o s i t io n a l
1 2 and JhicKUfiBg P .eg crip ticn  E nvironm ent
1 ,  Grey mud, l i t t l e  san d . Much M arsh
0 cm, 25 cm. S. a l t e r n i f l o r a  v e g e ta t io n
2 ,  Grey sand and mud. Much T id a l  F l a t
15 cm , b i o t u r b a t i o n ,  some sm all p o ly c h a e te
24 cm. b u rro w s, one la rg e  c rab  burrow .
Mud s n a i l s  and a r t i c u la te d  s h e l l s  o f  
r a z o r  clam s and o y s te r s  on s u r f a c e .
3 ,  Grey sand and mud. Much T id a l  F l a t
30 cm, b io t u r b a t i o n .  Many mud s n a i l s
25 cm. ( I .  o b s o le tu s )  on s u r f a c e .
4 ,  Grey sand and mud. B io tu rb a te d . Open Lagoon
90 cm, Many a r t i c u l a t e d  o y s te r  s h e l l s .
23 cm. A few th in  sand b e d s .
5 , Grey sand and mud. C oarsens Open Lagoon
120 cm, downward. S e v e ra l l e n t i c u l a r  sand
23 cm. beds and p o ly c h a e te  b u rro w s.
6 ,  Much sa n d , some mud. B io tu rb a te d  Open Lagoon
150 cm, w ith  many p o ly c h a e te  b u rro w s. A few
25 cm. l e n t i c u l a r  b ed s  and r a z o r  clam  s h e l l s .
7 ,  Tan sand a t  s u r f a c e ,  th e  r e s t  m o stly  Open Lagoon
105 cm, g re y  sa n d . S e v e ra l m u d -f ille d
21 cm. p o ly c h a e te  b u rro w s . An i n t a c t  worm
(C h a e to p te ro id )  seen  a t  c e n t e r .
8 , Tan medium sand a t  s u r f a c e .  Reduced, Open Lagoon
120 cm, s l i g h t l y  muddy f in e  sand be low . Two
26 cm. r a z o r  clam  s h e l l s  a t  b o tto m . Some
s h e l l  d e b r is  th ro u g h o u t. Much 
b io tu r b a t io n  n e a r  to p .
9 , Tan f in e  sand a t  s u r f a c e .  Dark g rey  Open Lagoon
150 cm, homogeneous sand below . An o c c a s io n a l
24 cm. round burrow .
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TABLE 2 (C o n tin u e d )
Box Core Wo.. 
Surface. Pep t i u
















D e s c r ip t io n
Tan f in e  sand a t  s u r f a c e .  Dark 
g rey  f in e  homogeneous sand below .
Some s h e l l  d e b r is  a t  b o tto m . Taken 
in  v e ry  s w i f t  t i d a l  c u r r e n t .
Dark g rey  muddy sa n d . Some s h e l l  
d e b r is  and p la n t  v e g e ta t io n .  A few 
v e r t i c a l  burrow s and a worm tube  a t  
s u r f a c e .  Many heavy m in e ra ls  in  san d .
Dark g re y  muddy s a n d . Much l i k e  
c o re  1 1 . Many b ro k en  s h e l l s  and 
some p la n t  v e g e ta t io n .
Very com pacted m o s tly  d a rk  ta n  sa n d .
A few f l a s e r  b ed s  a t  b o tto m . One 
round burrow  a t  c e n t e r .
Dark g rey  mud and sa n d . Horn tubes 
and p la n t  v e g e ta t io n  a t  s u r f a c e .
No se d im e n ta ry  s t r u c t u r e s  b u t  much 
o y s te r  s h e l l  d e b r i s .  A la rg e  a r k ,  







S h e lte red /O p en  
Lagoon
1 . D epth  i s  below  mean se a  l e v e l  (MSL). F o r lo c a t io n  o f  box c o re s  
s e e  F ig u re  2 .
2 . Box c o re  sam ple a n a ly se s  f o r  g r a in  s i z e ,  p e rc e n t  o rg a n ic  c a rb o n , 





M O C K H O R N  HAY
G o d w i n  I S L A N DSO U TH  BAY
MILL CHEEK;
MAGOTHYSUAY
T H O M S  C R
m i t h  i s l a n d
ATLANTIC  ,0  
OCEAN i?
F ig u re  7 . L o c a tio n  map o f  th e  s tu d y  a r e a  w ith  s e is m ic  subbo ttom  t r a n s e c t s  
n o te d .
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d e e p e r  w a te r  en v iro n m en ts  such  a s  b a c k b a r r i e r  c h a n n e ls , th e  n e a rs h o re  
zone* and Mockhorn c h a n n e l in  Magothy Bay (F ig u re  7 ) .
Two h ig h  r e s o lu t io n  subbo ttom  p r o f i l i n g  in s tru m e n ts  w ere used  in  
t h i s  s tu d y .  One was th e  F e r r a n t i  O .R .E. G eopulse sy s te m . T h is  i s  a 
medium pow er (105 to  455 jo u le s )  m u l t i- f re q u e n c y  (400  Hz to  14 kHz) 
u n i t  w ith  a s u r f a c e  towed c a ta m a ra n . An EPC 1600 s in g le  c h a n n e l 
r e c o r d e r  was u s e d .  The o th e r  u n i t  used was a  D a ta so n ic s  SBF 5000. 
B ecause d e p th  o f  p e n e t r a t i o n  was r e l a t i v e l y  s h a llo w , th e  two-way 
t r a v e l  tim e was based  upon th e  speed  o f  sound in  w a te r  w hich  i s  1500 
m /sec ( S h e r i f f ,  1 9 7 7 ). A v e r t i c a l  re c o rd  o f  le s s  th a n  30 m, and 
u s u a l ly  no more th an  20 m, was c o l l e c t e d .
G ra in  S ize  A n a ly s is
T e x tu ra l  a n a ly s i s  o f  159 sed im en t sam ples from  49 v ib r a c o r e s ,  16 
sed im en t sam ples from 14 b o x c o re s ,  and 3 g rab  sam ples w ere d e te rm in ed  
(T a b le  3 ) .  These sam ples w ere an a ly zed  by e i t h e r  s i e v e ,  p i p e t t e ,  o r 
s e t t l i n g  tu b e  ( r a p id  sed im en t an a ly ze r-R S A ). Samples composed o f  100% 
f in e  o r  medium sand w ere ana ly zed  w ith  th e  RSA; c o a r s e r  sam ples w ere 
s ie v e d .  The p i p e t t e  was u sed  f o r  f i n e r  sam ples to  f in d  th e  
s a n d / s i l t / c l a y  p e rc e n ta g e .  The RSA was u sed  to  d e te rm in e  th e  g r a in  
s iz e  d i s t r i b u t i o n  o f  th e  sand f r a c t i o n  u n le s s  th e  sand p e rc e n ta g e  was 
to o  low .
A p re l im in a ry  se d im e n ta ry  f a c i e s  o r  d e p o s i t io n a l  se d im e n ta ry  




Core o r D epth D e p o s i t io n a l P ip s tte JS a n d Z RSA3 ($ ) S iev e  (<»
Sample N o.1 (.cm)2 E n v t . /F a c ie s S i l t /C M ean /S tand . D ev.
6A 120 S h o re fa c e 93 /04 /03 2 .6 4 /0 .2 4
6B 180 S h o re fa c e 8 1 /1 1 /0 8 2 .8 0 /0 .2 4
6D 450 S h o re face 89/10 /01 3 .2 4 /0 .3 0
6D 565 T id a l  F l a t 1 5 /6 3 /2 2 3 .6 3 /0 .3 8
6D 660 P le i s to c e n e ?  Mud 3 8 /4 1 /2 1 3 .5 9 /0 .3 9
6E 563 S h o re face 87 /06 /07 3 .1 2 /0 .3 0
6E 698 T id a l  F l a t 0 4 /7 0 /2 6 3 .5 2 /0 .4 4
6E 768 P le i s to c e n e ?  Mud 12 /57 /31 3 .8 6 /0 .4 6
6-2 61 M arsh 49 /3 9 /1 2 2 .6 7 /0 .8 6
6-5 157 P le i s to c e n e  Sand 1 .9 5 /0 .5 5
6-6 178 P le i s to c e n e  Sand 1 .5 0 /0 .6 3
6-7 10 M arsh 3 5 /5 1 /1 4 2 .5 6 /0 .9 7
6-7 370 Open Lagoon 71 /2 6 /0 3 2 .7 1 /0 .3 8
6-7 480 Open Lagoon 2 .7 0 /0 .5 6
6-7 700 P le i s to c e n e  Sand 2 .8 9 /0 .7 0
6 -8 0 M arsh 5 3 /4 2 /0 5 2 .8 2 /0 .4 8
6-8 100 T id a l  F l a t 5 3 /4 3 /0 4 3 .1 6 /0 .6 6
6-8 300 P le i s to c e n e  Sand 1 .7 8 /0 .5 2
6 -8 380 P le i s to c e n e  Sand 2 .4 4 /0 .5 7
6-9 120 P le i s to c e n e  Sand 1 .4 0 /0 .6 9
6-9 250 P le i s to c e n e  Sand 1 .3 3 /0 .5 0
6 -9 340 P le i s to c e n e  Sand 1 .0 8 /0 .6 6
6-10 61 M arsh 1 7 /7 8 /0 5 3 .0 3 /0 .8 4
6-10 183 T id a l  F l a t 3 0 /4 3 /2 7 3 .1 1 /0 .5 0
6-10 366 T id a l  F l a t 35 /3 4 /3 1 3 .0 1 /0 .4 9
6-10 549 Open Lagoon 6 4 /1 8 /1 8 2 .8 4 /0 .5 5
6-10 700 Open Lagoon 8 3 /1 3 /0 4 3 .0 0 /0 .4 5
6-10 780 P le i s to c e n e  Sand 3 .0 3 /0 .7 7
6-11 122 P le i s to c e n e  Sand 2 .0 3 /1 .0 4
6-11 198 P le i s to c e n e  Sand 2 .0 7 /0 .5 7
6-11 336 P le i s to c e n e  Mud '8 /4 8 /4 4
7-1A +50 B a r r ie r  Beach 2 .1 7 /0 .5 3
7-1A 170 T id a l  F l a t 2 8 /3 6 /3 6 3 .0 3 /0 .6 3
7-1A 330 T id a l  F l a t 5 5 /4 1 /0 4 2 .9 3 /0 .4 9
7-1 +50 W ashover 2 .5 5 /0 .6 2
7-1 102 Marsh 14 /83 /03 2 .5 5 /1 .3 1
7-1 178 T id a l  F l a t 3 5 /5 5 /1 0 2 .8 1 /0 .9 5
7-1 438 Open Lagoon 85 /08 /07 3 .0 2 /0 .5 6
7-1 634 S h e lte re d  lagoon 32 /37 /31 2 .9 3 /0 .7 0
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Core o r D epth D e n o s i t io n a l  P ip e t t e  Sand EISA3 U i  Sieve (J&l
Sample N o.1 (cm).2 E n v t ./F a c ie s  S i l t /C l a v  ( Z ) M ean /S tand . Dev.
7-3 366 S h e lte re d  Lagoon 32/47/21 3 .2 1 /0 .6 1
7-3 610 Open Lagoon 64/21/15 2 .9 4 /0 .5 3
7-5 240 Open Lagoon 67/28/05 2 .8 7 /0 .4 5
7-5 450 S h e lte re d  Lagoon 34/26/40 2 .9 1 /1 .0 1
7-5 650 Open Lagoon 69/18/13 2 .6 7 /0 .8 3
7-5 750 P le i s to c e n e  Sand 2 .8 9 /0 .5 3
7-5 800 P le i s to c e n e  Mud 06/58/36
7-5 830 P le i s to c e n e  Mud 20/68/14
7-5 850 P le i s to c e n e  Sand 2 .8 5 /0 .6 0
7-7 10 M arsh 29/65/06 2 .9 7 /0 .7 3
7-7 110 T id a l  F l a t 63/32/05 2 .6 7 /1 .0 2
7-7 270 Sandy T id a l  F l a t 90/02/08 1 .6 2 /0 .7 5
7-7 330 P le i s to c e n e  Sand 1 .8 7 /0 .7 5
7-7 400 P le i s to c e n e  Sand 1 .6 8 /0 .8 2
7-8 30 P le i s to c e n e  Sand 1 .4 2 /0 .7 1
7-8 150 P le i s to c e n e  Sand 1 .8 9 /0 .7 4
7-8 230 P le i s to c e n e  Sand 1 .9 2 /0 .6 1
7-8 250 P le i s to c e n e  Mud 15/41/44 .
7-9 100 M arsh 10/48/42
7-9 190 P le i s to c e n e  Sand 1 .9 8 /1 .1 2
7-9 300 P le i s to c e n e  Sand 2 .4 5 /0 .5 3
7-9 380 P le i s to c e n e  Sand 1 .4 5 /0 .8 7
7-10 200 T ra n s g re s s iv e  Lag -0 .5 9 /1 .7 8
8-3 244 T id a l  F l a t 32/43/25 2 .9 8 /0 .4 6
8-3 427 S h e lte re d  Lagoon 11/45/44 3 .2 4 /0 .6 2
8-4 50 M arsh 13/47/40 2 .2 3 /1 .0 4
8-4 240 T id a l  F l a t 50/35/15 3 .1 9 /0 .8 0
8-5 75 T id a l  F l a t 62/27/11 3 .1 8 /0 .5 5
8-5 280 T id a l  F l a t 75/13/12 2 .9 5 /0 .4 8
8-5 400 S h e lte re d  Lagoon 10/50/40
8-5 575 Open Lagoon 2 .6 5 /0 .9 0
8-6 0 P le i s to c e n e  Sand 1 .5 5 /1 .1 4
8-6 140 P le i s to c e n e  Sand 2 .0 8 /0 .7 1
8-6 210 P le i s to c e n e  Sand 2 .0 7 /0 .9 7
8-6 270 P le i s to c e n e  Mud 7 /43 /50
8-7 +50 B a c k b a r r ie r  Beach 1 .5 9 /0 .5 3
8-7 +10 B a c k b a r r ie r  Beach 1 .8 6 /0 .9 7
8-7 50 Marsh 19/38/43
8-7 230 P le i s to c e n e  Sand 2 .1 1 /0 .6 4
8-8 +30 Sandy M arsh 71/18/11 1 .6 0 /0 .7 4
8-8 25 T id a l  F l a t 23/46/31 2 .2 9 /1 .0 2
8-8 160 Sandy T id a l  F l a t 97/1/2 1 .8 3 /0 .7 0
8-8 250 P le i s to c e n e  Sand 1 .4 3 /0 .7 9
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Core o r D epth D e n o s it io n a l  P ip e t t e  Sand/
Sample. Ho.1 (cm) ^ E n v t ./F a c ie s  S i l t /C la y  (2 )
9A 506 S h o reface 94/03/03
9-1 +50 Washover
9-1A +50 B a r r ie r  Beach
9-1A 88 Washover
9-2 50 Sandy Marsh 67 /23 /10
9-2 127 P le is to c e n e  Sand
9-2 305 P le i s to c e n e  Mud 58 /27 /15
9-2 381 P le i s to c e n e  Sand
9-4 160 T id a l F l a t 41 /37 /22
9-5 130 P l e i s t .  Sand/Msh 87 /03 /10
9-5 230 P le i s to c e n e  Sand
9-5 270 P le i s to c e n e  Sand
9-5 300 P le i s to c e n e  Mud 29 /46 /25
9-5 370 P le i s to c e n e  Sand
9-6 60 Marsh 37 /36 /27
9-6 110 P le i s to c e n e  Sand
9-6 170 P le i s to c e n e  Sand
9-6 190 P le i s to c e n e  Sand
9-6 210 P le i s to c e n e  Sand
9-7 122 P le i s to c e n e  Sand
9-7 244 P le i s to c e n e  Sand
9-7 335 P le is to c e n e  Mud 03 /3 5 /6 2
M-l 180 Sandy T id a l F l a t 79 /1 3 /0 8
M—1 240 T ra n s g re s s iv e  Lag?
M-l 280 P le is to c e n e  Sand
M-l 300 P le is to c e n e  Sand
M-2 15 Sandy Marsh
M-2 75 Open Lagoon
M-2 125 Rwkd? P l e i s t  Sand
M-2 165 Rwkd? P l e i s t  Sand
M-3 +50 B a c k b a rr ie r  Beach
M-3 130 Sandy Marsh
M-3 210 P le is to c e n e  Sand
M-3 260 P le is to c e n e  Mud 19 /34 /47
M-4 +20 P le i s to c e n e  Sand
M-4 0 P le is to c e n e  Sand
M-4 80 P le i s to c e n e  Sand
M-4 220 P le is to c e n e  Mud 22/47 /31
M-4 300 P le is to c e n e  Mud 04 /36 /60
RSA3 ((}) S ieve  (lj»
M ean/S tand . D ev.
2 .9 2 /0 .1 9  
2 .4 3 /0 .3 9  
2 .4 1 /0 .4 5  
2 .1 7 /0 .7 1  
1 .7 7 /0 .7 5  
2 .0 4 /0 .9 4  
2 .7 4 /0 .7 0  
2 .5 2 /0 .5 7  
3 .1 0 /0 .5 4  
1 .7 0 /0 .6 1  
1 .5 7 /0 .5 3  
2 .1 9 /0 .5 9  
2 .8 8 /0 .8 0  
2 .8 2 /0 .7 2  
2 .11/0 .88
2 .4 3 /0 .6 3
2 .0 5 /0 .7 5
2 .0 0 /0 .6 1
1 .9 7 /0 .5 6
0 .9 2 /0 .8 0
1 .4 2 /1 .1 4
2 .0 4 /0 .6 5
1 .3 1 /0 .7 7
1 .21/ 1.11
1 .0 9 /1 .4 7
0 .8 4 /0 .8 7
1 .3 1 /0 .6 4
1 .7 6 /0 .6 7
1 .5 8 /0 .6 7
2 .4 2 /0 .9 7
1 .9 4 /0 .9 6
1 .7 1 /0 .7 6
2 .0 6 /0 .7 0
2 .7 8 /0 .8 8
-0 .9 0 /1 .8 0
-0 .6 2 /1 .8 5
-0 .9 4 /2 .2 4
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Ccxe_.ot D epth D e p o s it io n a l  P ip e t t e  Sand/ ESA U l  Sieve t i l
Sample No. 1 fcm )2 E n v t ./F a c ie s  S i l t /C la v  (Z) M ean/S tand . Dev.
M-5 150 Rwkd? P l e i s t  Sand 1 .4 9 /0 .7 1
M-5 210 Rwkd? P l e i s t  Sand 0 .8 0 /0 .7 7
M-6 +50 B a c k b a rr ie r Beach 1 .1 8 /0 .6 8
M-6 163 P ie  is  tocene Sand 1 .6 8 /0 .6 1
M-6 285 P le i s to c e n e Mud 03 /4 9 /4 8
M-6 331 P le i s to c e n e Mud 05/54 /41
M-6 407 P le i s to c e n e Mud 71 /16 /13 2 .9 5 /0 .5 2
M-7A 15 P le i s to c e n e Sand 1 .4 5 /0 .7 9
M-7A 76 P le i s to c e n e Sand 1 .5 2 /0 .7 8
M-7A 290 P le is to c e n e Mud 18 /53 /29 2 .7 1 /1 .0 0
M-8 0 P le i s to c e n e Sand 1 .9 2 /0 .7 0
M-8 137 P le i s to c e n e Sand 1 .9 2 /0 .7 4
M-8 229 P le i s to c e n e Sand 1 .3 7 /0 .8 6
M-8 251 P le i s to c e n e Mud 26 /4 5 /2 9 2 .8 0 /0 .7 6
M-8 305 P le i s to c e n e Mud 52 /2 2 /2 9 2 .4 1 /0 .7 2
M-8 351 P le i s  tocene Mud 87/07 /06 2 .0 7 /0 .8 3
M-8 427 P le i s to c e n e Sand 2 .0 8 /0 .7 1
M-9 +30 B a c k b a rr ie r Beach 1 .4 0 /0 .6 4
M-9 107 Sandy T id a l F l a t 6 1 /2 5 /1 4 1 .7 0 /0 .6 6
M-9 275 P le i s to c e n e Mud 3 0 /4 2 /2 8 2 .7 0 /0 .8 1
M—10 244 P le i s to c e n e Sand 2 .4 4 /0 .6 5
M-10 350 P le i s to c e n e Sand 1 .2 6 /1 .4 7
M—11 49 Marsh 12 /83 /05 3 .1 9 /0 .6 2
M—11 274 S h e lte re d  Lagoon 0 9 /5 2 /3 9
M -ll 427 S h e lte re d  Lagoon 37 /36 /27 2 .1 8 /0 .9 8
M -ll 640 Open Lagoon 3 .0 2 /0 .7 2
M -ll 701 S h e lte re d  Lagoon 16 /58 /26 2 .9 6 /0 .8 4
M -ll 732 Open Lagoon 75 /18 /07 2 .2 2 /0 .8 8
CL-1 +35 Sandy M arsh 1 .7 2 /1 .0 9
CL-1 87 M arsh 48 /3 0 /2 2 2 .0 5 /0 .9 0
CL-1 194 P le i s to c e n e Sand 2 .6 0 /0 .7 0
CL-1 255 P le i s to c e n e Sand -0 .4 8 /1 .3 9
BI-4 +50 Washover 2 .4 4 /0 .4 2
B I-4 26 Washover 86/07/07 2 .3 6 /0 .5 0
MB-1 360 Open Lagoon 7 8 /2 2 /T r 3 .4 9 /0 .3 2
MB-2 370 P le i s to c e n e Sand 9 9 /T r/T r 1 .6 2 /0 .5 4
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Core o r BfipUl D e p o s it io n a l P ip e t t e  Sand RSA3 (< )^ S ieve (<})
Sample. No. 1 (cm )2 E n v t ./F a c ie s S i l t /C la v  (Z) M ean/S tand. Dev.
BC—1 15 H arsh 13 /58 /25 3 .0 3 /0 .7 5
BC-2 30 T id a l F l a t 34 /4 6 /2 0 3 .0 2 /0 .8 7
BC-3 45 T id a l F l a t 3 6 /4 6 /1 8 3 .0 4 /0 .7 8
BC-4 105 Open Lagoon 56/31 /13 3 .0 5 /0 .5 7
BC-5 135 Open Lagoon 4 2 /3 9 /1 9 3 .1 2 /0 .5 7
BC-6 165 Open Lagoon 64 /24 /12 3 .2 1 /0 .5 6
BC-7 107 Open Lagoon 9 9 /T r/T r 1 .9 4 /0 .4 5
BC—7 133 Open Lagoon 9 9 /T r/T r 1 .8 6 /0 .4 4
BC-8 122 Open Lagoon 9 9 /T r/T r 1 .8 6 /0 .3 4
BC-8 143 Open Lagoon 9 9 /T r/T r 1 .8 4 /0 .3 7
BC-9 164 Open Lagoon 9 9 /T r/T r 2 .9 7 /0 .1 9
BC-10 178 Open Lagoon 9 9 /T r/T r 2 .9 6 /0 .2 5
BC-11 135 Open Lagoon 78 /1 4 /0 8 2 .4 0 /0 .3 5
BC-12 135 Open Lagoon 87/06/07 3 .0 5 /0 .2 0
BC-13 135 Open Lagoon 94/03/03 2 .9 8 /0 .2 2
BC—14 165 S h e lte red /O p en  
Lagoon
4 9 /3 3 /1 8 3 .1 7 /0 .3 3
GS-A 422 Open Lagoon 97/01 /02 2 .9 0 /0 .2 0
GS-B 457 Open Lagoon 5 9 /2 2 /1 9 2 .1 0 /0 .7 8
GS-C 60 Flood T id a l D e l ta  73 /17 /10 2 .7 8 /0 .4 9
1 . BC a r e  box c o r e s ,  GS a re  g rab  sam p le s , a l l  o therB  a re  v ib r a c o r e s .
2 . The d e p th  i s  th e  p o s i t i o n  sampled below  mean s e a - le v e l  u n le s s  noted  
by + (ab o v e  mean s e a - l e v e l ) .
3 . RSA ■= Rapid Sedim ent A n a ly z e r . P u re  sand sam ples w ere p la ced  in  th e  
RSA to  f in d  mean g r a in  s i z e  and s ta n d a rd  d e v ia t io n .  C o a rse r  sands and 
p eb b les  w ere s ie v e d .  The sand f r a c t io n s  from  th o se  sam ples p ip p e te d  
were a l s o  ru n  th ro u g h  th e  RSA to  f in d  th e  mean g r a in  s i z e  and s ta n d a rd  
d e v ia t io n  o f  th a t  p o r t i o n .  In  some c a s e s ,  sand f r a c t io n s  o f  p ip p e te d  
sam ples w ere to o  sm a ll f o r  RSA a n a ly s i s .
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S tr a t ig r a p h ic  U n i ts ) .  Samples w ere then  tak en  from  th e  c e n te r  o f  
th e s e  s t r a t i g r a p h i c  u n i t s  so t h a t  d ia g n o s t ic  t e x tu r a l  a n a ly s i s  cou ld  
be  acco m p lish ed . The f a c ie s  o r  env ironm ent w ith  i t s  a s s o c ia te d  g r a in  
s i z e  i s  shown in  T ab le 3 .
P e rc e n t T o ta l O rganic M a tte r
The abundance o f  o rg an ic  m a tte r  o f te n  p ro v id e s  in fo rm a tio n  abou t 
th e  d e p o s i t io n a l  environm ent} such  as p r o d u c t iv i ty  and th e  s t r e n g th  o f  
bo ttom  c u r r e n ts  (G ro ss , 1 9 7 1 ). Samples were ana ly zed  fo r  t o t a l  
o rg an ic  m a tte r  a f t e r  th e  m ethodology o f  G ross (1971) by com bustion  a t
550^ C in  a m u ff le  fu rn a c e  f o r  4 ho u rs  ( i g n i t i o n  l o s s ) .  W eight 
p e rc e n ts  o f  58 sam ples from 27 c o re s  were c a lc u la te d  (T a b le  4 ) .
Samples w ere chosen  to  in c lu d e  th e  p rim ary  sed im en ta ry  f a c ie s  and 
d e p o s i t io n a l  en v iro n m en ts . U n its  b e l ie v e d  to  b e  r i c h  in  o rg a n ic s ,  
such as m arsh and th e  P le i s to c e n e  mud f a c i e s ,  w ere p a r t i c u l a r l y  
sam pled .
M ic ro p a leo n to lo g v
M ic ro fo s s i ls  h e lp  one d is c e r n  th e  env ironm ent o f d e p o s i t io n ,  
r e l a t i v e  a g e , and p a le o c lim a te  o f  th e  sed im en ta ry  u n i t  in  w hich they  
a re  fo u n d . Two m ic ro fau n a , fo ra m in ife r s  and o s tr a c o d e s ,  and one 
m ic r o f lo r a ,  p o l l e n ,  were s e p a ra te d  and i d e n t i f i e d .  S e v e ra l 
d in o f l a g e l l a t e s  w ere found w ith  th e  s e p a ra te d  p o lle n  b u t n o t 
i d e n t i f i e d .
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TABLE 4
ORGANIC COMBUSTION (PERCENT ORGANIC MATTER)
Yibxac.pr.e o r  p e p th  (cm) % O rganic
Box C ore (BC) No. Below MSL* Sedim ent Type M a tte r2
6-7 10 Mud and M arsh V e g e ta tio n 1 0 .2
6-7 200 Mud and Sand 8 .8
6-7 370 Mud and Sand 5 .6
6-7 480 Gray F in e  Sand 2 .3
6-7 700 Brown/Tan Sand 0 .1
6 -8 0 Mud ( I n t e r t i d a l  Mud F la t ) 3 .2
6-10 8 Mud and M arsh V e g e ta tio n 13 .3
6-10 30 Mud and M arsh V e g e ta tio n 13 .5
6-10 180 Mud 1 0 .8
6-10 365 Mud 12 .7
6-10 550 Mud and Sand 6 .1
6-10 700 Gray F in e  Sand 1 .3
6-11 335 P le i s to c e n e  Mud W ith 
Much C la y , Some V e g e ta tio n
1 0 .8
6-11 450 P le i s to c e n e  Mud W ith 
Much C lay  and V e g e ta tio n
1 2 .0
7 -4 15 Mud and M arsh V e g e ta tio n 19 .3
7 -4 55 Mud and M arsh V e g e ta tio n 20 .3
7 -4 90 Mud and M arsh V e g e ta tio n 23 .1
7-4 135 Mud and M arsh V e g e ta tio n 5 .8
7-7 10 Mud and M arsh V e g e ta tio n 12 .2
7 -8 250 P le i s to c e n e  C la y /P e a t 1 1 .2
8-2 30 Mud and M arsh V e g e ta tio n 9 .3
8-2 60 Mud and M arsh V e g e ta tio n 1 5 .5
8-2 90 Mud and M arsh V e g e ta tio n 4 .1
8-6 270 P le i s to c e n e  Mud W ith 
Some Sand and V e g e ta tio n
8 .0
8-8 +30 Sand W ith Some V e g e ta tio n 3 .2
8-8 25 Mud and Sand W ith Much 
M arsh V e g e ta tio n
1 1 .9
9-2 0 Mud and Sand w ith  Much 
M arsh V e g e ta tio n
3 .9
9-3 15 Mud and M arsh V e g e ta tio n 1 0 .9
9-3 45 Mud and M arsh V e g e ta tio n 6 .7
9-3 60 Mud and M arsh V e g e ta tio n 9 .0
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TABLE 4 (C o n tin u e d )
V ib ra c o re  o r 
Box C ore (BC)
D enth (cm) 
No. Below MSL1 Sedim ent Tvne
Z  O rganic 
Carbon2
9-4 30 Mud and Marsh V e g e ta tio n 13 .7
9-5 300 P le is to c e n e  Mud With 3 .8
M-3 260
Some Sand.
P le is to c e n e  M ud/Peat 9 .0
M-4 220 P le is to c e n e  Mica 3 .0
M-4 300
E nriched  Mud 
P le is to c e n e  M ud/Peat 7 .0
M-6 250 P le is to c e n e  P e a t 2 9 .8
M-6 285 P le is to c e n e  Mud, Much 7 .3
M-6 330
C la y , Some Mica 
P le is to c e n e  Mud, Much 9 .2
M-6 410
C lay , Some Mica 
P le is to c e n e  Mica E nriched 2 .3
M-7A 254
F ine  Sand 
P le is to c e n e  P e a t 37 .1
M-7A 290 P le is to c e n e  Mud, Much 15 .7
M-8 305
C lay , Some Mica 
P le is to c e n e  Mud, Some 7 .4
M-8 350
Sand and Mica 
P le is to c e n e  Mud and Sand 1 .9
M-8 380 P le is to c e n e  P e a t 9 .5
M-9 +30 Sand 0 .2
M-9 270 P le is to c e n e  Mica 5 .4
M -ll 0
E nriched  Mud
Mud and M arsh V eg e ta tio n 13 .0
M -ll 30 Mud and M arsh V e g e ta tio n 19.1
M -ll 75 Mud and M arsh V eg e ta tio n 1 4 .8
M -ll 120 Mud and Marsh V e g e ta tio n 14 .8
M -ll 170 Mud and a  L i t t l e  M arsh 7 .9
M -ll 260
V eg e ta tio n  
Mud , 11 .4
BC-1 15 Mud and Marsh V eg e ta tio n 9.3
BC-2 15 Mud 5 .5
BC-3 45 Mud 8 .9
BC-4 105 Mud and Sand 7 .5
BC-5 135 Mud and Sand 3.1
BC-6 165 Mud and Sand 3.1
1 B elov  mean s e a - le v e l  (MSL) u n le s s  no ted  by ( + ) ,  above mean s e a - le v e l
2 Mean o f  th re e  t r i a l s
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F o ra m in ife ra  a re  p r o t i s t a n e  c h a ra c te r iz e d  by th e  p re se n c e  o f  a 
t e s t  w ith  one o r  more cham bers. The forams w ere s e p a ra te d  from th e  
sed im en t by im m ersing an u n c o n so lid a te d  sam ple in  t e t r a c h l o r e th y le n e , 
a heavy f lu i d  o f  s p e c i f i c  g r a v i ty  1 .6 1 .  T his a llow ed  th e  c l a s t i c  
m a te r ia ls  to  s in k  and th e  l i g h t e r  foram s to  f l o a t .
TVo d i s t i n c t  assem blages o c c u r , c a lc a re o u s  and a g g lu tin a te d  
(a re n a c e o u s ) .  A g g lu tin a te d  fo ra m in ife ra  a re  g e n e r a l ly  c h a r a c t e r i s t i c  
o f  low er s a l i n i t y  env ironm en ts such as m arsh es . The fo r a m in if e r a l  
sp e c ie s  i d e n t i f i e d  a re  shown in  T ab le  5 . T ab le  6 l i s t s  th e  number o f  
c a lc a re o u s  and a g g lu t in a te d  forams in  each  o f  69 c o re  sam ples p e r  gram 
(d ry  w e ig h t) o f  sed im en t c o a r s e r  th a n  62 um.
O straco d es  a r e  m o stly  m ic ro sco p ic  a q u a tic  c r u s ta c e a n s .  Four 
sam ples w ere analyzed  by D r. Thomas C ron in  o f  th e  U nited  S ta te s  
G eo lo g ica l Survey (USGS) R es to n , V ir g in ia .  The s p e c ie s  i d e n t i f i c a t i o n  
and c o u n t a re  shown in  T ab le  7 .
P o lle n  and sp o re s  w ere e x tra c te d  from 17 P le i s to c e n e  sam p les.
The e x t r a c t io n  te c h n iq u e  fo llow ed  s ta n d a rd  p ro c e d u re s  o u tl in e d  by 
F a e g r i  and Iv e r s e n  (1 9 7 5 ) . A pprox im ately  1 gm sam ples w ere p ro c e sse d  
by th e  fo llo w in g  s t e p s :
1 . Removal o f  c a rb o n a te s  by  h e a tin g  (40°C) w ith  10Z h y d ro c h lo r ic  a c id .
2 . A lk a l i  m a c e ra tio n  by b o i l in g  the  sam ples f o r  10-15 m inu tes w ith  8% 
NaOH. Samples w ere th en  s ie v e d  to  remove c o a rs e  d e t r i t u s .  A 150 um 
s ie v e  was u s u a l ly  used in  c l a s t i c  m a te r ia l  o r  w e l l—hum ified  p e a t s ,  
w hereas some o f  th e  d e n s e , f ib ro u s  p e a ts  en co u n te red  in  th e  stu d y  w ere 
s iev ed  w ith  a 250 um s ie v e .
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TABLE 5
B a r r ie r  and B a c k b a rr ie r  F o ra m in if e ra l  S pecies
A. C a lc a re o u s  sp e c ie s
Ammonia b e c c a r i i  
(L inne)
B u c c e lla  f r i e i d a *
(Cushman)
E lph id ium  d is c o id  a le  
(D 'O rb igny)
E lphid ium  excavatum  (Terquem)
*» E lph id ium  c lav a tu m  (Cushman)*
BlpM dium  g u n te r i  
(C o le)
H aynesina p a u c i lo c u la  
(Cushman)
 A g g lu t in a te d .s p e c ie s
Ammoastuta  s a l s a
(Cushman and Bronnimann)
A re n o p a r re l la  m exicana* 
(K o rn fe ld )
H aplophragm oides hancock i 
(Cushman and M cCulloch)
M iliam m ina fu sea  
(B rady)
T ip h o tro c ha com urim ata
(Cushman and Bronnimann)





No. o f  C a lca reo u s  (C a lc .)  and A g g lu tin a te d  (A g g lu t.)  F o ra m in ife ra  P e r 
Gram (D ry W eight) o f  Sedim ent C o a rse r  than  62 um
Core..and P.£B-th Sediment. &£p.fl!sitional
( Below MSL) ZXUfi. E n v t ./F a c ie s Calc.i- Ass It
6-5 240 cm Compacted Mud/Sand P le i s to c e n e  Mud 0 0
6-7 10 cm Mud and Marsh Veg. Marsh 0 0
6-8 10 cm Mud and M arsh Veg. Marsh 0 8
6-10 30 cm Mud and M arsh Veg. Marsh 0 0
6-10 180 cm Sandy Mud T id a l F l a t 17 0
6-10 540 cm Muddy Sand Open Lagoon 0 0
6-10 700 cm F in e  Sand Open Lagoon 0 0
6-11 120 cm Medium Sand P le i s to c e n e  Sand 0 0
6-11 195 cm Medium Sand P le i s to c e n e  Sand 0 0
6-11 335 cm S i l t  and C lay P le i s to c e n e  Mud 0 0
6-11 460 cm Mud and V e g e ta tio n P le i s to c e n e  Mud 0 0
7-1 +50 cm Washover Sand B a r r ie r  Beach 38 5
7-1 100 cm Mud and M arsh Veg. Marsh 0 10
7-1 175 cm Sandy Mud T id a l F l a t 35 0
7-1 435 cm Muddy Sand Open Lagoon 22 0
7-1 635 cm Sand, S i l t  and C lay S h e lte re d  Lagoon 31 0
7-1 730 cm F in e  Sand Open Lagoon 0 0
7-5 240 cm Muddy Sand Open Lagoon 18 0
7-5 450 cm Sand, S i l t  and Clay S h e lte re d  Lagoon 0 0
7-5 650 cm Muddy Sand Open Lagoon 17 0
7-5 750 cm F in e  Sand P le i s to c e n e  Sand 0 0
7-5 850 cm F in e  Sand P le i s to c e n e  Sand 0 0
7-7 10 cm Mud and M arsh Veg. Marsh 0 5
7-7 110 cm Muddy Sand T id a l F l a t 22 0
7-7 270 cm P o o rly  S o rted  Sand T ra n s g re s s iv e  Lag 0 0
7-7 330 cm Medium Sand P le i s to c e n e  Sand 0 0
7-7 400 cm Medium Sand '  P le i s to c e n e  Sand 0 0
7-8 30 cm Medium Sand P le i s to c e n e  Sand 0 0
7-8 150 cm Medium Sand P le i s to c e n e  Sand 0 0
7-8 230 cm Med ium Sand P le i s to c e n e  Sand 0 0
7-8 250 cm P e a t and Mud P le i s to c e n e  Mud 0 0
7-9 100 cm Mud and M arsh Veg. Marsh 0 0
7-9 190 cm Medium Sand Open Lagoon 0 0
7-9 300 cm Medium Sand P le i s to c e n e  Sand 0 0
7-9 380 cm C oarse  Sand P le i s to c e n e  Sand 0 0
8-6 260 cm Compacted Mud/Sand P le i s to c e n e  Mud 0 0
8-8 +30 cm Sand/Mud and Mrsh Veg Marsh 0 4
8-8 30 cm Mud and M arsh Veg. Marsh 7 6
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TABLE 6 (C o n tin u e d )
Core and D epth Sedim ent D e p o s it io n s !
(Pelpff MS b )  Type E n y t ./F a c ie s  C a lc - A g g lu t.
9-2 45 cm Sand /Mud and Mrsh Veg. M arsh 0 12
9-4 30 cm Mud and M arsh Veg. Marsh 0 18
9-5 300 cm Compac ted‘ Mud/Sand P le is to c e n e Mud 0 0
M-3 260 cm M ud/Peat P ie is to e e n e Mud 0 0
M—4 +20 cm Medium Sand P le is to c e n e Sand 0 0
H-4 0 cm Medium Sand P le is to c e n e Sand 14 0
M-4 220 cm S ilt /C la y /S a n d P le is to c e n e Mud 6 2
M-4 300 cm M ud/Peat P ie is to c e n e Mud 0 0
M—6 +50 cm Medium Sand B a c k b a rr ie r Beach 0 0
M—6 250 cm Peat/M ud P ie  i s  to cen e Mud 0 0
M-6 285 cm S i l t /C la y P le is to c e n e Mud 0 0
M-6 410 cm Muddy Sand P le i s  to cen e Mud 18 4
M-7A 15 cm Medium Sand P le is to c e n e Sand 0 0
M-7A 254 cm Peat/M ud P le i s to c e n e Mud 0 0
M-7A 275 cm Compacted Sandy Mud P le is to c e n e Mud 9 1
M-8 0 cm Medium Sand P le is to c e n e Sand 14 2
M-8 140 cm Medium Sand P le is to c e n e Sand 6 0
M-8 2'30 cm Medium Sand P le is to c e n e Sand 0 0
M-8 305 cm Muddy Sand P le is to c e n e Mud 0 0
M-8 350 cm Muddy Sand P le i s  to cen e Mud 0 0
M-8 380 cm Peat/M ud P le i s  to cen e Mud 0 0
M-8 430 cm Medium Sand P le i s  to cen e Sand 0 0
M-9 +30 cm Medium Sand B a c k b a rr ie r Beach 0 0
M-9 275 cm S ilt/S and/M ud P le iB to c e n e Mud 0 0
M -ll 265 cm S i l t  and C lay S h e lte re d  Lagoon 11 0
BC-1 30 cm Mud and Marsh Veg. Marsh 0 5
BC-2 30 cm Sandy Mud T id a l F l a t 4 1
BC-3 30 cm Sandy Mud T id a l F l a t 9 0
BC-4 30 cm Muddy Sand Open Lagoon 15 0
BC-5 30 cm Muddy Sand Open Lagoon 12 0
BC-6 30 cm Muddy Sand Open Lagoon 21 0
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TABLE 7
O straco d e  S p ec ie s  L i s t s  and C ounts*
D e p o s i t io n a l
E n vt./F acies S p ec ie s  and Count
T id a l  C v p r id e is  m exicana (S a n d b e rg , 1964) 16
F l a t  C vtherom orpha n e w p o rte n s is  (W illia m s , 1966) 1
C y th e ru ra  c f .  C . f o r u l a t a  (E dw ards, 1944) 5
C v th e ru ra  s p .  A 1
C y th e ru ra  s p . B 2
H u lin g s in a  sp p . 5
P ro teo co n c h a  s p .  A 1
Open B a f f in ic v th e r e  ema r g in a ta  ( S a r s ,  1865) 1
Lagoon B enson o cy th ere  am erican a  (H a z e l ,  1967) 6
B enso n cv th ere  s p p . 1
Cushmanide a  sem inuda (Cushman, 1906) 6
C y p r id e is  m exicana (S a n d b e rg , 1964) 16
Cvtherom orp h a  c u r t a  (E dw ards, 1944) 2
Cytherom orp h a  n e w p o rte n s is  (W illia m s , 1966) 2
C v th e ru ra  f o r u l a t a  (E dw ards, 1944) 6
C y th e ru ra  " v a le n t in e i "  (H a z e l ,  1967) 1
C v th e ru ra  s p .  A 10
R u lin g s in a  ru g in u s tu lo s a  (E d w ard s, 1944) 9
Rwlingeina spp* 15
L e p to c v th e re  n ik ra v e s h a e  (M o ra le s , 1966) 6
Loxoconcha m a ta g o rd e n s is  (S w a in , 1955) 45
Loxoconcha s p e r a ta  (W il l ia m s , 1966) 5
M w lzella  f lo r id a n a  (B enson and Colem an, 1963) 2 
M u e lle r in a  o h m e rti (H a z e l ,  1967) 2
P arad o x o Btoma d e l i c a t a  ( P u r i ,  1954) 2
P e r a to c v th e r i d e a b r a d y i  (S te p h e n so n , 1938) 8
P e r a to c v th e r id e a  s e t i p u n c t a t a  (B rad y , 1869) 15
P ro te o c o n ch a  g ig a n t i c a  (E dw ards, 1944) 10
P ro te o c o n c h a  n e ls o n e n s is  (G rossm an, 1967) 3
Satin i a  s p p .  3
S h e lte re d  A c tin o c v th e r e i s  c a p t io n ie  (H a z e l ,  1981) 3
Lagoon H u lin g s in a  sp p . 3
P le i s to c e n e  Mud 
( Lagoon)
No O straco d es
* I d e n t i f i c a t i o n  and c o u n ts  by D r. Thomas C ro n in , TJSGS R esto n .
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3 . Removal o f  s i l i c a t e s  by b o i l i n g  w ith  40% h y d ro f lu o r ic  a c id  fo r  10 - 
15 m in u te s . S i l i c o - f lu o r i d e s  w ere removed a f te rw a rd s  by t r e a t i n g  th e  
sam ples w ith  h o t 10% h y d ro c h lo r ic  a c id .
4 .  Removal o f  c e l l u l o s e  m a te r ia l  by u s in g  E rd tm an 's  a c e to ly s i s  method 
(1 -2  m in u te s  a t  95^C ).
5 . S ta in in g  th e  palynorm orphs w ith  a 1 :3  s a f f r a n in - 0  and w a te r  
s o lu t i o n .
6* D eh y d ra tio n  in  an a lc o h o l s e r i e s  (95% a lc o h o l fo llo w ed  by t e r t i a r y  
b u ty l  a l c o h o l ) .
7 .  Embedding th e  r e s id u e  in  s i l i c o n  o i l  and s to r in g  th e  m ix tu re  in  
s m a ll  v i a l s .
D r. M ichael K earn y , D epartm ent o f  G eography, U n iv e r s i ty  o f  
M ary lan d , i d e n t i f i e d  m ost o f  th e  p o l le n  and sp o re s  and d r a f te d  F ig u re
8 . These i d e n t i f i c a t i o n s  w ere made w ith  th e  a id  o f  s e v e r a l  s ta n d a rd  
k ey s  (K app, 1969; McAndrews e t  a l . ,  1973 ; B a s s e t t ,  e t  a l . ,  1978) and 
by com parison  w ith  r e f e r e n c e  s l i d e s .  P o l le n  sums a r e  b ased  on a t  
l e a s t  a c o u n t o f  200 a rb o re a l  g r a i n s .  The c o n v e n tio n s  used  in  t h i s  
s tu d y  to  in d ic a te  th e  d e g re e  o f  c o n f id e n c e  a s s o c ia te d  w ith  th e  
i d e n t i f i c a t i o n  o f  p o l l e n  and sp o re s  fo llo w s  B irk s  (1 9 7 3 ) .  These 
c o n v e n tio n s  a r e  d e s c r ib e d  b e lo w :
1 . F am ily  l e v e l ,  e . g . ,  C r u c i f e r a e ,  G ram ineae. P o l le n  and sp o re s  in  
t h i s  group have n o t  b een  i d e n t i f i e d  below  fa m ily  l e v e l  e i t h e r  b ecau se  
r e f e r e n c e  m a te r ia l  was n o t a v a i l a b l e  o r  b e c a u se  p o l l e n  taxonom ic 
d i f f i c u l t i e s  a s s o c ia te d  w ith  s e v e r a l  o f  th e s e  g ro u p s p re c lu d e  
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co n fid e n ce  b e s id e s  th e  two f a m i l ie s  m entioned a r e :  E r ic a c e a e ,
L i l i a c e a e ,  Legum inosae, U m b e llife ra e , C yp eraceae .
2 .  Type, e . g . ,  A m brosia-ty p e . The type  c a te g o ry  i s  u sed  in  in s ta n c e s  
w here g e n e ric  le v e l  i d e n t i f i c a t i o n  i s  n o t c e r t a i n  b u t  o th e r  
c o n s id e ra t io n s  ( e . g .  c u r r e n t  ra n g e , p a leo eco lo g y ) make th e  genus 
in d ic a te d  th e  p re f e r r e d  c h o ic e .
3 .  C onfere  ( c f . ) ,  e . g . ,  B e tu la  c f  g la n d u lo s a . T e n ta t iv e  s p e c i f i c  
l e v e l  i d e n t i f i c a t i o n s  a r e  made when m orphologic c r i t e r i a  s u g g e s t th a t  
th e  sp e c ie s  in d ic a te d  i s  th e  p ro b a b le  r e p r e s e n ta t iv e .
M ineralogy
A nalyses o f  s p e c i f i c  m in e ra ls  o f te n  g iv e  in fo rm a tio n  p e r ta in in g  
to  th e  lo c a l  env ironm ent o r  p rovenance  o f  th e  sands and th e  ty p e  o f  
t r a n s p o r t  c o n d i t io n s .  Heavy m in e ra ls  in  s e le c te d  b a r r i e r ,  
b a c k b a r r i e r ,  and m ainland c re e k  sand sam ples w ere s e p a ra te d  in  
bromoform ( s p e c i f i c  g r a v i ty  2*90) and i d e n t i f i e d .  G la u c o n ite  and mica 
p a r t i c l e s  w ere a ls o  c o u n te d . Samples w ere p rep a red  by  w ashing the  
sam ple in  a 63 um s ie v e  to  s e p a ra te  and c le a n  th e  s a n d - s iz e  p a r t i c l e s .  
A n a ly s is  o f  th e  r e s id u e ,  and u l t im a te ly  th e  p e rc e n ta g e  o f  each  
c o n s t i t u e n t ,  was made by v i s u a l  ex am in a tio n  u n d er a b in o c u la r  a n d /o r  
p e tro g ra p h ic  m icro sco p e .
Where freq u en cy  c o u n ts  o f  s e le c te d  p a r t i c l e  ty p es  w ere made th e  
fo llo w in g  p ro c e d u re  was u s e d . A c o u n tin g  t r a y  was p re p a re d  by draw ing 
g r id  l in e s  on a 9 x 12 cm d o ub le  th ic k  w h ite  i l l u s t r a t i o n  bo ard  which 
was th en  h e a v i ly  co a ted  w ith  a  c l e a r  p l a s t i c  f i lm  by re p e a te d  sp ray in g  
w ith  k ry lo n .  F o r c a l i b r a t i o n ,  sam ples w ere s trew n  on th e  t r a y  in  a
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m oderate d e n s i ty .  The t o t a l  p a r t i c l e s  on a number o f  g r id  l in e s  were 
then  coun ted  to  o b ta in  an av erage  p a r t i c l e  number p e r  l i n e .  T h is 
proved to  b e  about 1000 p a r t i c l e s  p e r  l i n e  o f  s q u a re s .  C ounting 
s p l i t s  o f  each  sample w ere as c lo s e  as p o s s ib le  to  th e  d e n s i ty  used  in  
c a l i b r a t i o n .  Where th e  c o n s t i tu e n t  to  b e  coun ted  was r e l a t i v e l y  
s p a r s e ,  10 l in e s  o r  abou t 10,000 p a r t i c l e s  w ere scan n ed .
These d a ta  a re  ex p ressed  in  T ab les 8 th ro u g h  1 3 . Table 8 shows 
th e  p e rc e n ta g e  o f  heavy m in e ra ls  and m ica in  Smith I s la n d  fo re s h o re  
sam p les . A frequency  c o u n t o f  m ica and g la u c o n ite  i s  a ls o  in c lu d e d .
The p e rc e n ta g e  o f  heavy m in e ra ls  in  b a c k b a r r i e r  sam ples and s e le c te d  
c re e k  sam ples a re  l i s t e d  in  T ab les  9 and 1 0 , r e s p e c t iv e ly .  F requency 
co u n ts  o f  g la u c o n ite  and m ica in  c re e k  and b a c k b a r r ie r  sam ples a re  
r e s p e c t iv e ly  shown in  T ab les 11 and 12 .
A d e ta i le d  s tu d y  o f  two c o r e s ,  7-1A and 9-1A (F ig u re  6) was 
com pleted  by Jo h n sto n  (1 9 8 5 ) . The c o re s  w ere s p l i t  in to  f iv e  u n i t s ,  
depending  on th e  l i th o lo g y ,  w ith  su b se q u en t m in e ra lo g ic a l  a n a ly s i s .
The r e s u l t s  o f  t h i s  s tu d y  a re  shown in  T ab le  13.
R adiocarbon D ating
T w en ty -six  sam ples o f  p e a t ,  m arsh v e g e ta t io n ,  wood, o r  s h e l l  were 
analyzed  f o r  carb o n -1 4  age d e te rm in a t io n .  Two o f th e  p e a ts  w ere d a ted  
tw ice  th u s  p ro v id in g  a  t o t a l  o f  28 d a te s  (T a b le  1 4 ) .  Nine o f  th e  
d a te d  m a te r ia l  w ere o f  s h e l l  m a te r i a l .  S ix  o f  th e  s h e l l  sam ples were 
a r t i c u l a t e d  and two w ere th ic k  s h e l l  h o r iz o n s  b e l ie v e d  to  b e  p a r t  o f  
an o y s te r  b ed . S ev e ra l p e a ty  c la y  sam ples had le s s  th an  expected
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TABLE 8
HEAVY MINERALS, MICA, AND GLAUCONITE IN 
TWENTY-SIX SMITH ISLAND, SURFACE, FORESHORE SAMPLES 
(2 -3  $ SIZE FRACTION)
Heavy M in e ra ls  and Mica (Mean P e rc e n t)
E p id o te 11 .6
G arnet 16 .6
H ornblende 4 8 .5
H ypersthene 3 .9
Pyroxene 1 .5
K y a n ite 2 .5
S i l l im a n i te 1 .6
S t a u r o l i t e 1 .9
T ourm aline 2 .0
Z irco n 2 .9
Opaques 5 .0
Mica 2 .0
M ica P a r t i c l e s  and G la u c o n ite  P e l l e t s  (F req u en cy  C ounts)
Mica in  10 l in e s *  = 4 
G la u c o n ite  in  10 l in e s *  = 37
* 1000 p a r t i c l e s  p e r  l i n e .
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TABLE 9
HEAVY MINERALS IN SELECTED BACKBARRIER CORE SAMPLES (%) 
(2 -3  $ SIZE FRACTION)
Very F in e  to  F in e  Sands (Mud Removed)
CORE 7-4 CORE 7-3 CORE 7-3 CORE 7-5 CORE 6-
(Below MSL) 500 cm 450 cm 150 cm 300 cm 77 cm
D e p o s i t i o n a l Tidal Open Open Open Tidal
Environment F l a t Lagppn Lagoon Lagoon E la t
Ep id o t e 8 .9 9 .0 6 .7 1 2 .5 6 .2
G arne t 14 .9 10.6 9 .7 12 .8 10 .4
H ornblende 4 9 .4 65.7 7 1 .8 57 .6 68 .6
H ypers thene ----- 0 .6 ------ 1 .3 0 .5
K y a n i te 7 .8 3 .2 3 .4 2 .0 4 .4
S i l l i m a n i t e 3 .4 2 .2 1 .6 1 .3 — -
S t a u r o l i t e 6 .0 4 .5 2 .0 3 .4 2 .9
Tourm aline 8 .6 3 .9 4 .8 9 .4 7 .0
Z irco n 1 .0 0 .3 — — ----- -----
F i n e ,  Medium, o r  Coarse Sand
CORE 7-3 CORE 7-9 CORE 7-1 CORE 8-7 CORE 6-1
(Below MSL) 600 cm 300 cm 760 cm 250 cm 100 cm
D e p o s i t i o n a l Open Backbarrier Open B a c k b a r r ie r EieiaLt
E n v t . /F a c ie s Lagoon Beach Lagoon Beach Sand
Ep id o te 15.6 8 .5 5 .4 13.7 1 1 .9
G arne t 28.6 15 .4 2 6 .5 2 4 .8 25 .6
H ornblende 33.7 6 2 .8 40 .6 4 2 .8 52 .9
H ypers thene 2 .3 0 .9 2 .2 3 .0 1 .5
K y a n i te 1 .9 0 .9 1 .3 0 .7 0 .9
S i l l i m a n i t e 2 .3 3 .0 1 .3 2 .3 3 .0
S t a u r o l i t e 7 .5 5 .2 12.1 6 .7 3 .2
Tourm aline 3 .2 2 .4 2 .2 3 .3 2 .0
Z irco n 4 .9 0 .9 8 .6 2 .7 —
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TABLE 10
HEAVY MINERALS IN SELECTED CREEK SAMPLES (%) 
(2 -3  (J) SIZE FRACTION)
M ill Creek. Walls Landing
(Sand) Creek2 (Sand)
Ep id o te 13.1 16.6
G arnet 21.1 41.1
Hornblende 50.2 18.2
H ypersthene 1.7 2.3
R u t i le 1.7 1 .7
K yan ite 1.3 2 .0
S i l l i m a n i t e ----- 3.3
S t a u r o l i t e 6.1 9 .9
Tourm aline 4 .8 4 .6
Z ircon ----- 1.3
Weight P e rc e n t 3 .8 6.1












1 . M i l l  Creek en terB  Magothy Bay a t  Core M - l l .
2 .  H a l ls  Landing Creek e n t e r s  Magothy Bay a t  Core 7 -9 .
3 .  Tomroys D i tc h  e n t e r s  Magothy Bay a t  Core 8 -7 .
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TABLE 11
GLAUCONITE PELLETS AND MICA IN CREEK SAMPLES 
(2 -3  (fl SIZE FRACTION)
3






* 1000 p a r t i c l e s  p e r  l i n e .
1 .  M i l l  Creek e n t e r s  Magothy Bay a t  Core M - l l .
2 .  H a l ls  Landing Creek e n t e r s  Magothy Bay a t  Core 7 - 9 .
3 .  Tommys D itc h  e n t e r s  Magothy Bay a t  Core 8 -7 .
Mi 11-Creek. 
(Sand)
G la u c o n i te  P e l l e t s  
in  10 l i n e s *
Sample 1 
Sample 2
Mica P a r t i c l e s  
















GLAUCONITE PELLETS AND MICA PARTICLES 
IN BACKBARRIER FINE SAND AND SANDY-MUD DEPOSITS (2 -3  $ SIZE FRACTION)
HflPflgitional G la u c o n i te  Mica
Eny.tt/FflCieg ( i n  10 l lneB *) ( i n  10 l i n e s * )
CORE 6 - 1 , 770 cm S h e l t e r e d  Lagoon 25 250
CORE 6 - 2 , 77 cm Washover (Sand/Mud) 75 29
CORE 6 - 2 , 520 cm S h e l te re d  Lagoon 30 290
CORE 6 - 2 , 565 cm S h e l te re d  Lagoon 80 285
CORE 6 - 5 , 300 cm P l e i s t o c e n e  Mud 25 130
CORE 6 - 5 , 370 cm P l e i s t o c e n e  Mud 80 610
CORE 7 - 1 , 760 cm Open Lagoon 54 128
CORE 7 - 3 , 150 cm Open Lagoon 90 150
CORE 7 - 3 , 450 cm Open Lagoon 5 70
CORE 7 - 3 , 600 cm Open Lagoon 24 56
CORE 7 - 4 , 500 cm T id a l  F l a t 10 440
CORE 7 - 5 , 300 cm Open Lagoon 27 73
CORE 7 - 9 , 300 cm B a c k b a r r ie r  Beach 20 40
*  1000 p a r t i c l e s  p e r  l i n e .
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TABLE 13
HEAVY MINERALS AND MICA IN SELECTED SMITH ISLAND CORES (%) 
(2 -3  SIZE FRACTION)
CORE 7-1 A* 36 cm 136 cm 242 cm 395 cm 440 cm
D e p o s i t io n a l Baricier tfarsh Tidal Open Open
Environment EsacJi F l a t lagoon Lagoon
A p a t i t e 1 .3 1.7 2 .5 2 .3 2 .6
C h lo r i t e — 5.7 6 .2 10 .5 9.1
Ep id o te 18.0 11 .4 13 .3 9 .2 13.1
Garnet 19.3 6 .5 6 .2 4 .6 5 .6
Homb lend e 24 .8 2 0 .9 26.1 3 1 .3 23.6
H ypersthene 2 .3 2.1 0 .6 0 .6 1 .0
K yan ite 4 .0 4 .6 1 .3 1 .3 2 .6
Pyroxene 3 .0 5 .5 1 .0 1.3 1.6
R u t i le 4 .0 4 .0 5 .5 5 .6 5 .9
S i l l im a n i t e 1 .0 0 .6 2 .3 0 .9 1 .3
Sphene 0 .5 0 .6 0 .6 0 .9 1.3
S t a u r o l i t e 1 .6 2.1 2 .3 2 .0 2 .6
Tourm aline 4 .0 1 .5 1 .3 1 .3 2 .0
Z ircon 4 .0 2.7 3 .3 2 .0 1.6
Micas 1 .0 20.6 1 8 .0 1 3 .8 12.7
Opaques 9.5 5.2 5 .5 8.0 7 .9
O thers 1 .6 4 .0 3 .6 3 .6 4 .9
Weight P e r c e n t 2.16% 0.06% 0.07% 0.11% 0.12%
♦A nalys is  by M.L. Johnston  (B .S .  honors  t h e s i s ) ,  C o lle g e  o f  W illiam  and 
Mary, W ill iam sb u rg ,  VA 
Sample d ep th s  below  mean sea  l e v e l  (MSL).
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TABLE 13 ( c o n t in u e d )
CORE 9-1 A* 33 cm 106 cm 185 cm 270 cm 355 ci
D e p o s i t io n a l Baczier. Overwash T id a l T id a l Open
Environment Beach Sediments F l a t F l a t Lagoon
A p a t i t e -------- . 0 .3 0 .6 _ _ _
C h l o r i t e 0 .3 1 .0 10.1 10.3 12 .8
Ep id o te 15.7 11.2 13.1 9 .6 7 .8
G arnet 17.7 16.3 3 .9 5 .0 4 .9
H orablende 4 1 .8 40.7 27.3 29 .0 2 0 .8
H ypersthene 1 .0 1 .0 2 .3 1 .6 0 .8
K y an ite 3 .5 4 .0 2 .0 3 .2 3 .6
Pyroxene 1 .2 1 .0 1 .3 1 .0 0 .8
F u t i l e 1 .2 1 .9 2 .0 4 .2 3 .4
S i l l i m a n i t e 1 .6 1 .0 1.3 2 .2 0 .8
Sphene 0 .9 1 .0 2 .0 1 .0 0 .8
S t a u r o l i t e 1 .6 2 .9 1 .6 2 .5 1 .8
Tourm aline 3 .2 3 .5 1 .0 2 .5 1 .8
Z irco n 1 .2 2 .9 4 .6 3 .8 6 .0
Opaques 3 .5 6 .7 4 .0 5.1 21 .9
Micas ' 2 .9 2 .5 20.7 16.7 10.1
O thers 2 .2 1 .9 2 .0 2 .0 1 .5
Weight P e rc e n t 1.632 1.10% 0.09% 0.10% 0.063
♦A nalyses by M.L. Jo hnston  (B .S .  honors t h e s i s ) , C o lle g e  o f  W illiam  and 
Mary, W illiam sburg ,  VA 




Care -Humber Pepth  Lab Number Dated M a te r i a l C.-14 Age
6-5* 370 cm Beta-1949 P e a ty  Clay 23,550 ± 370
6-5* 370 cm Beta-3423 P e a ty  C lay 30,870 ± 470
6—6 41 cm Beta-1948 S p a r t in a  p a ten a 1,430 + 80
6—6 80 cm Beta-1950 Willow o r  TUlip P o p la r  1 ,740 ± 100
6-10 425 cm Beta-6668 A r t i c u l a t e d  £jl 
v i r g i n i c a  S h e l l
1,120 ±  60
6-11 455 cm Beta-6669 Organic D eb r is 26,960 ± 320
7 -1 + 110 cm Beta-6071 £j_ il£ fim iflo ra 1,670 ± 80
7 -1 + 180 cm B eta—6072 A r t i c u l a t e d  C . 
yirgin ica_Shell
480 ± 60
7-1A 165 cm Beta-6077 A r t i c u l a t e d  Cj. 
v i r g i n i c a  S h e l l
470 + 60
7 -1A 250 cm B eta-6078 A r t i c u l a t e d  
M. m e rc en a r ia  S h e l l
1 ,110 ± 80
7-7 140 cm Beta-6075 C. v i r g i n i c a  S h e l l s Modern
7-7 190 cm Beta-6074 C. v i r g i n i c a  S h e i la 460 ± 80
7-8 250 cm Beta-5033 Organic Rich M ud/Peat 33,940 ± 530
7-9 110 cm Beta-5034 S. a l t e m i f l o r a 2,050 ± 80
8-5 280 cm Beta-6079 A r t i c u l a t e d  C. 
yir& inics S h e l l s
350 ± 70
8-7 50 cm Beta-5035 S p a r t in a .  p a te n s 1,070 ±  80
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TABLE 14 (C o n tin u e d )
Core Kunber Pep.th Lab Number 
Peloff-JigP
D ated M a te r i a l C.-14,. Agfi-
Y rs .  B .P . + 1
9-1 305 cm Beta-6069 A r t i c u l a t e d  
directus S h e l l
1 ,230  ± 220
9-1A 10 cm Beta-6070 S . a l t e m i f l o r a Modern
9-1A 100 cm B eta-6068 S. a l t e r n i f l o r a 950 ± 90
M-2 +75 cm B e ta —6080 C edar Tree Stump 150 ± 60
M-3 260 cm Beta-5030 Organic R ich M ud/Peat 23,340 ± 770
M-4 300 cm Beta-5032 Organic Rich Mud/Peat 27 ,980  ± 1510
M-6 250 cm Beta-6671 P e a ty  Clay 30,540 ± 520
M-7A 254 cm Beta-6672 P e a ty  C lay 28,930 ± 580
M-8* 380 cm Beta-6670 P e a ty  Clay 25,700 ± 650
M-8* 380 cm Beta-6673 P e a ty  C lay 29,390 ± 490
1 . These d a t e s  a re  r e p o r te d  as  ra d io c a rb o n  y e a r s  b e f o r e  1950 A.D. by 
B e ta  A n a ly t ic  I n c ,  C o ra l  G ab les ,  F l o r i d a .  By i n t e r n a t i o n a l  c o n v e n t io n ,  
th e  h a l f - l i f e  o f  r a d io c a rb o n  i s  ta k e n  as 5568 y e a r s  and 9 5 X  o f  the  
a c t i v i t y  o f  the  N a t io n a l  Bureau o f  S tan d a rd s  O xalic  Acid used  as th e  
modern s ta n d a r d .  The quoted e r r o r s  a r e  from th e  c o u n t in g  o f  th e  modern 
s t a n d a r d ,  background , and sample b e in g  a n a ly z e d .  They r e p r e s e n t  one 
s ta n d a rd  d e v i a t i o n  s t a t i s t i c s  (68Z p r o b a b i l i t y ) ,  based  on th e  random 
n a t u r e  o f  the  r a d i o a c t i v e  d i s i n t e g r a t i o n  p r o c e s s .  No c o r r e c t i o n s  a re  
made f o r  DeVries e f f e c t ,  r e s e r v o i r  e f f e c t ,  o r  i s o to p e  f r a c t i o n a t i o n  in  
n a t u r e .
The p r e t r e a tm e n t  o f  th e  p e a t s  and o rg a n ic  h o r iz o n s  c o n s i s t e d  o f  f i r s t  
p i c k in g  o u t  any a p p a re n t  r o o t l e t s .  The m a t e r i a l s  were th e n  s t i r r e d  in to  
h o t  a c id  to  e l im in a te  c a rb o n a te s  and th e n  r e p e a te d ly  r in s e d  to  
n e u t r a l i t y ,  taken  to  d ry n e s s  and combusted in  an en c lo sed  system . The 
s h e l l  samples were p r e t r e a t e d  by e t c h in g  away th e  o u te r  l a y e r s  w ith  
d i l u t e  a c id .
* N ote r e p l i c a t e  sam p les .
+ Age d a t e s  and d e p th  n o t  in  seq u en ce .
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p e rc e n ta g e  o f  o rg a n ic  m a t te r  (T a b le  4) and a re  c a l l e d  o r g a n ic - r i c h  
muds.
The ra d io c a rb o n  d a t e s  f o r  th e s e  p e a t s  and o r g a n i c - r i c h  d e p o s i t s  
a r e  n e a r  th e  u p p e r  l i m i t  o f  th e  age g ro u p .  A l l  o f  th e s e  samples a re  
from v ib r a c o r e s  and many a r e  b e l i e v e d  to  b e  s e a - l e v e l  i n d i c a t o r s .  For 
example th e  o y s t e r s  a re  upper s u b t i d a l  and th e  p e a t  and marsh 
v e g e ta t i o n  i n t e r t i d a l .  A lthough th e s e  m a te r i a l s  may n o t  r e f l e c t  mean 
se a  l e v e l ,  th e y  may b e  used in  a s e a - l e v e l  c u r v e .  The datum e r r o r  
w i l l  b e  sm all  as  th e  l o c a l  t i d a l  range  i s  on ly  ap p ro x im ate ly  1 m.
These d a t e s  a r e  r e p o r te d  as  ra d io c a rb o n  y e a r s  b e f o r e  1950 A.D. by 
B eta  A n a ly t ic  I n c ,  C o ra l  G ab les ,  F l o r i d a .  By i n t e r n a t i o n a l  
c o n v e n t io n ,  th e  h a l f - l i f e  o f  ra d io c a rb o n  i3  taken  as 5 ,568 y e a r s  and 
952 o f  th e  a c t i v i t y  o f  th e  N a t io n a l  Bureau o f  S tan d a rd s  O xalic  Acid 
used a s  th e  modern s ta n d a r d .  The quoted e r r o r s  a r e  from th e  c o u n t in g  
o f  th e  modern s t a n d a r d ,  backg round , and sample b e in g  a n a ly z e d .  They 
r e p r e s e n t  one s ta n d a rd  d e v i a t i o n  s t a t i s t i c s  (68% p r o b a b i l i t y ) , based  
on th e  random n a tu r e  o f  th e  r a d i o a c t i v e  d i s i n t e g r a t i o n  p r o c e s s .  No 
c o r r e c t i o n s  a r e  made f o r  DeVries e f f e c t ,  r e s e r v o i r  e f f e c t ,  o r  i s o to p e  
f r a c t i o n a t i o n  in  n a tu r e  (B e ta  A n a ly t ic  L ab o ra to ry  R e p o r t ,  1982 ) .
The p r e t r e a tm e n t  o f  th e  p e a t s  and o rg a n ic  h o r iz o n s  c o n s i s te d  o f  
f i r s t  p ic k in g  o u t  any a p p a re n t  r o o t l e t s .  The m a t e r i a l s  were th en  
s t i r r e d  i n t o  h o t  ac id  to  e l im i n a t e  c a rb o n a te s  and th e n  r e p e a te d ly  
r in s e d  to  n e u t r a l i t y ,  taken  to  d ry n e s s  and combusted in  an enc lo sed  
system . The s h e l l  samples were p r e t r e a t e d  by  e t c h in g  away th e  o u te r  
l a y e r s  w i th  d i l u t e  a c id .
Because o f  th e  c o n t ro v e r s y  su r ro u n d in g  a h ig h  i n t e r s t a d i a l  sea  
l e v e l  d u r in g  th e  l a s t  g l a c i a t i o n ,  Thom (1974) a t tem p ted  to  r a t e  a l l
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m id-W iseonsinan  C-14 d a t e s  a c c o rd in g  to  t h e i r  q u a l i t y .  Ten C-14 d a t e s  
from t h i s  s tu d y  f a l l  w i th in  t h i s  t im e  f ram e . Thom (1974) l i s t s  f iv e  
c o n d i t io n s  t h a t  must be  met b e f o r e  a c c e p t in g  th e  d a t e s  o f  o rg a n ic  
m a t e r i a l s .  I f  t h r e e  o u t  o f  th e  f i v e  c o n d i t i o n s  a r e  s a t i s f i e d ,  th e  
d a t e  may g e t  a S? r a t i n g ,  b u t  i f  o n ly  two o r  l e s s  a re  f u l f i l l e d  then  
th e  r a t i n g  w i l l  be  i n f e r i o r  (Thom, 1 9 7 4 ) .  The c o n d i t i o n s  a r e :
1* E vidence t h a t  g e o m o rp h o lo g ic a l ly  and s t r a t i g r a p h i c a l l y  th e  
sam ple can  b e  r e l a t e d  to  a  h ig h  s e a - l e v e l  s ta n d  and does  n o t  come 
from an e v e n t  w hich c a n  b e  shown to  p o s s i b l y  p T e -d a te  o r  p o s t ­
d a t e  th e  l a s t  g l a c i a t i o n .
2 .  The m a t e r i a l  d a te d  i s  in . s i t u .
3 .  The l a b o r a to r y  c o n d u c t in g  th e  a s sa y  has  s p e c i f i e d  th e  
p r e t r e a tm e n t  t e c h n iq u e s  t o  w hich th e  sam ple h as  b e e n  s u b j e c t e d .
4 .  C ro ss -c h e c k s  have been  conduc ted  by r a d io c a rb o n  d a t e s  on o th e r  
sam ples  from th e  same u n i t ,  as w e l l  a s  on a  background c o n t r o l  
sam p le ,  o f  i d e n t i c a l  ty p e ,  from a  more a n c i e n t  h o r iz o n .
5 .  I d e a l l y ,  f u r t h e r  c r o s s - c h e c k s  shou ld  have  b een  u n d e r ta k e n  by 
th e  u r a n iu m - s e r i e s  d a t i n g  te c h n iq u e  on sam ples  from th e  u n i t  in  
q u e s t io n  and on o l d e r  m a t e r i a l .
The 10 d a t e s  o f  t h i s  s tu d y  w ere t e s t e d  a g a i n s t  th e s e  f i v e  
c r i t e r i a .  1) The s t r a t i g r a p h y  and geom orphology o f  Mockhorn I s la n d  
s u p p o r ts  a  h ig h  s e a - l e v e l  s ta n d  ( d i s c u s s e d  l a t e r ) .  2) The d a te d  
m a t e r i a l  a r e  in  p l a c e  p e a t s  o r  o rg a n ic  r i c h  muds. 3) B e ta  A n a ly t ic  
d i s c u s s e d  th e  p r e t r e a tm e n t  t e c h n iq u e s .  However, i t  i s  p o s s i b l e  t h a t  a  
more advanced p r e t r e a tm e n t  p r o c e s s  may have b e e n  r e q u i r e d .  4) Ten 
r a d io c a rb o n  d a t e s  a r e  from th e  same u n i t .  A c o n t r o l  sample i s  n o t  
a v a i l a b l e .  5) No c a lc iu m  c a r b o n a te  i s  a v a i l a b l e  from t h i s  u n i t ,  
t h e r e f o r e  th e  u r a n iu m - s e r i e s  te c h n iq u e  i s  n o t  a p p l i c a b l e .
From t h e  d i s c u s s i o n  above ,  th e  m id -W iseons inan  d a t e s  from t h i s  
s tu d y  met fo u r  o f  f i v e  c o n d i t i o n s .  F u r th e rm o re ,  i t  was n o t  p o s s i b l e  
to  s a t i s f y  c o n d i t i o n  5 .
STRATIGRAPHIC UNITS
I n t r o d u c t i o n
Four s t r a t i g r a p h i c  u n i t s  r e p r e s e n t  th e  s e d im e n ta ry  d e p o s i t s  found 
a d j a c e n t  and below  Smith and Mockhom I s l a n d s .  The o l d e s t  
s t r a t i g r a p h i c  u n i t ,  b e l i e v e d  to  b e  th e  P l io c e n e  Yorktown F o rm a t io n ,  i s  
o n ly  re c o g n iz e d  in  th e  subbo ttom  s e is m ic  r e c o r d s .  The low er 
Wachapreague F o rm a t io n ,  p a r t  o f  a  l a t e  P l e i s t o c e n e  s t r a t i g r a p h i c  u n i t ,  
i s  a l s o  n o t  d i r e c t l y  sam pled ; i t s  d e s c r i p t i o n  i s  b a sed  upon th e  work 
o f  Mixon ( 1 9 8 5 ) .  Because the  m a jo r  em phasis  o f  t h i s  s tu d y  co n ce rn s  
the. l a t e s t  P l e i s t o c e n e  and H olocene s t r a t i g r a p h y ,  s e d im e n ta ry  u n i t s  
composed o f  sed im en ts  from th e s e  two tim e fram es were e x t e n s i v e ly  
sampled and more p r e c i s e l y  d e s c r i b e d .
Sedim ents  c o m p ris in g  1) th e  l a t e s t  P l e i s t o c e n e  b a r r i e r  i s la n d  
d e p o s i t s  and 2) Holocene b a r r i e r  i s l a n d  d e p o s i t s  a r e  a  m ix tu re  o f  
d o m in an tly  t e r r i g e n o u s  s a n d ,  s i l t ,  and c l a y .  Sands a r e  m o s t ly  
o r t h o q u a r t z i t i c  and a r e  l o c a l l y  burrow ed o r  c r o s s - b e d d e d .  G ra in s  o f  
a u th ig e n ic  g l a u c o n i t e ,  m o llusk  s h e l l s ,  s h e l l  f r a g m e n ts ,  and 
m ic ro fa u n a l  t e s t s  com prise  most o f  th e  n o n - t e r r i g e n o u s  component o f  
th e  sed im e n t .
Two s e p a r a t e  l a t e s t  P l e i s t o c e n e  b a r r i e r  i s l a n d  f a c i e s  and e i g h t  
Holocene b a r r i e r  i s l a n d  d e p o s i t i o n a l  en v iro n m en ts  have b een  i d e n t i f i e d  
s u r f i c i a l l y  a n d /o r  in  th e  s u b s u r f a c e .  They in c lu d e  P l e i s t o c e n e  sand
71
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f a c i e s  ( b a r r i e r ,  s h o r e f a c e ,  f lood  t i d a l  d e l t a ) ,  P l e i s t o c e n e  mud f a c i e s  
( la g o o n ,  m a rs h ) , Holocene b a r r i e r  d e p o s i t i o n a l  environm ents  t h a t  
in c lu d e  b a r r i e r  beach  (and washover) and s h o r e f a c e ,  and Holocene 
b a c k b a r r i e r  d e p o s i t i o n a l  env ironm ents  t h a t  in c lu d e  m arsh, t i d a l  f l a t ,  
open (h ig h  energy) lag o o n , s h e l t e r e d  (low  energy) lagoon , 
t r a n s g r e s s i v e  l a g ,  and b a c k b a r r i e r  b e a c h .  The f a c i e s  o r  d e p o s i t i o n a l  
environm ents  a s s o c ia te d  w ith  each  u n i t  were d e l in e a t e d  through 
v a r i a t i o n  in  t h e i r  t e x t u r e ,  m ic ro fa u n a ,  m acrofauna , s t r a t i g r a p h i c  
p o s i t i o n ,  p h y s ic a l  and b io g e n ic  s e d im e n ta ry  s t r u c t u r e s ,  ca rbon-14  
d a t e s ,  and c o n t a c t  c h a r a c t e r i s t i c s .  Boxcores p rov ided  c h a r a c t e r i s t i c s  
from s e v e r a l  modern d e p o s i t i o n a l  en v iro n m en ts .  A b r i e f  d e s c r i p t i v e  
summary o f  each  l a t e s t  P l e i s t o c e n e  and Holocene d e p o s i t  i s  p re se n te d  
in  Tab le  15 and shown in  a schem atic  d raw ing  in  F ig u re  9.
Yorktown Form ation
U nderly ing  th e  l a t e s t  P l e i s t o c e n e  and Holocene sed im ents  i s  th e  
Yorktown F o rm a t io n .  This u n i t  e x ten d s  o v e r  a wide geograph ic  r e g io n ,  
from th e  F a l l  Zone eastw ard  to  b e n e a th  th e  c o n t i n e n t a l  s h e l f ,  
northw ard to  th e  Potomac R iv e r ,  and southward i n t o  North C a r o l in a ,  and 
is  composed o f  f o s s i l i f e r o u s ,  m arine  q u a r tz o s e  and c a lc a re o u s  sand and 
s i l t  (Johnson  e t  a l . ,  1985).  In  th e  s u b s u r fa c e  o f  the  so u th e rn  
Delmarva a r e a ,  Mixon (1985) found th e  Yorktown F orm ation  to  be  
composed o f  g l a u c o n i t i c  s a n d ,  s i l t ,  and c l a y .
The P l io c e n e /P l e i s to c e n e  c o n t a c t  i s  r e p o r te d  as th e  u p p e r  s u r f a c e  
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Mixon (19 8 5 ) .  I t  i s  e a s i l y  recogn ized  on th e  subbottom  se ism ic  
r e c o rd s  (F ig u re  1 0 ) .  A s u b s t a n t i a l  a c o u s t i c  impedance c o n t r a s t  
between o v e rc o n s o l id a te d  P l io c e n e  s t r a t a  and no rm ally  c o n s o l id a te d  
o v e r ly in g  P le i s t o c e n e  d e p o s i t s  i s  r e s p o n s ib le  f o r  th e  s t ro n g  se ism ic  
r e f l e c t o r  ( S h id e l e r  e t  a l . ,  1984).  S h id e le r  e t  a l .  (1984) r e p o r t  
s t r o n g  and p e r s i s t e n t  p a r a l l e l  to  s u b p a r a l l e l  r e f l e c t o r s ,  i n d i c a t i n g  a 
r e l a t i v e l y  in d u ra te d  and f a i r l y  u n ifo rm  l i t h o l o g y .  The r e c o rd s  from 
t h i s  s tu d y  g e n e r a l ly  ag ree  w i th  t h i s  d e s c r i p t i o n  e x ce p t  t h a t  s t e e p l y  
d ip p in g  r e f l e c t o r s  below th e  c o n t a c t  a r e  recogn ized  l o c a l l y  (F ig u re  
1 0 ) .  In  a d d i t i o n ,  th e  d e p th  to  th e  Yorktown F orm ation  betw een Smith 
and Moekhom I s l a n d s  i s  betw een 16 and 22 m (F ig u re  1 0 ) .  This d e p th  
i s  suppo rted  by Mixon (1985) b u t  d i f f e r s  w i th  S h id e le r  e t  a l .  (1984) 
who r e p o r t  a 30 to  45 m d e p th  a t  t h i s  l o c a t i o n .  However, below  th e  
n e a r s h o r e ,  t h e i r  c o n t a c t  a t  45 to  50 m ag ree  w i th  se ism ic  subbottom  
re c o rd s  o f  t h i s  s tu d y .
Wachapreagu e  Form ation
As d e f in e d  by  Mixon ( 1 9 8 5 ) ,  th e  Wachapreague F orm ation  i s  lo c a ted  
a d ja c e n t  to  th e  s tu d y  a re a  and ex ten d s  n o r th - s o u th  as  a narrow  c o a s t a l  
lowland b o rd e r in g  Magothy Bay. Mixon (1985) b e l i e v e s  t h i s  u n i t  to  be  
th e  low es t and presum ably  th e  yo u n g es t  d e p o s i t i o n a l  s u r f a c e  o f  
P l e i s t o c e n e  age on th e  A t l a n t i c  s i d e  o f  th e  Delmarva P e n in s u la .  
However, an i n t e r n a l  c o n t a c t  e x i s t s  in  th e  Wachapreague F o rm atio n .  
Thus, two c h ro n o lo g ic a l ly  d i s t i n c t  s e c t i o n s  may e x i s t  in  t h i s  
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surm ised in  t h i s  s tu d y  to  be c o r r e l a t i v e  to  th e  u p p e r  s e c t i o n  o f  the  
Wachapreague F o rm atio n .  The d e p th  to  th e  P l e i s t o c e n e  s u r f a c e  
(Wachapreague F orm ation?) l e s s e n s  toward th e  mainland o r  Hockhorn 
I s l a n d .  The topography o f  t h i s  s u r f a c e  i s  o u t l in e d  in  F ig u re  11.
The e n t i r e  Wachapreague Form ation  as d e f in e d  by Mixon ranges  in  
a l t i t u d e  from - 1 .8  m a t  i t s  e a s t e r n  b o r d e r  to  ap p ro x im ate ly  4 .5  m 
(MSL). Of the  two d i s t i n c t  l i t h i c  s e c t i o n s ,  th e  lower one i s  composed 
o f  c l a y  and s i l t y ,  f i n e  to  v e ry  f i n e  sand and c l a y - s i l t .  T ex tu re  and 
m i c r o f o s s i l  a s sem b lag es ,  i n d i c a t e  d e p o s i t io n  in  s h a l lo w  n e a r s h o r e -  
s h e l f  w a te r .  The u p p e r  u n i t  c o n s i s t s  o f  medium to  v e ry  c o a r s e  
g r a v e l l y  s an d .  Mixon (1985) s t a t e s  t h a t  th e  e n t i r e  F orm ation  c o a rse n s  
upward, however, c o r e s  from t h i s  s tu d y  ( e . g .  MC-4, F ig u re  12) show th e  
upper  s e c t i o n  t o  f i n e  upward. The p o l l e n  and m arine  faunas i n d i c a t e  a 
change from warm te m p era te  c l i m a t i c  c o n d i t io n s  in  e a r l i e s t  
Wachapreague time to  c o o l -  o r  c o ld - te m p e ra te  c o n d i t io n s  in  m idd le  and 
l a t e  Wachapreague t im e .  A r e l i a b l e  a b s o lu te  age i s  n o t  a v a i l a b l e  b u t ,  
based  on th e  s t r a t i g r a p h i c  p o s i t i o n  and s e v e r a l  i s o to p i c  d a t e s  from 
th e  low er s e c t i o n ,  Mixon (1985) sugges ted  a Sangamonian to  e a r l y  
W isconsinan age .  In  summary, Mixon (1985) b e l i e v e s  th e  
p a le o c l im a to lo g y ,  t y p i c a l l y  c o a r s e n in g  upward t r e n d ,  seaward d e c re a s e  
in  a l t i t u d e  o f  th e  Wachapreague d e p o s i t i o n a l  s u r f a c e ,  and th e  a b s o lu te  
age e s t im a te s  p o in t  to  d e p o s i t i o n  o c c u r r in g  d u r in g  th e  f i n a l  
r e g r e s s io n  o f  th e  s e a  a t  the  end o f  th e  Sangamonian I n t e r g l a c i a t i o n .
The M i l l  Creek c o re s  ta k en  in  t h i s  s tu d y  (MC-1 to  4) and Mixon 
(1985) (T -16) (F ig u re  12) show th e  s t r a t i g r a p h i c  r e l a t i o n s h i p  between 
th e  two s e c t i o n s  o f  th e  Wachapreague F orm ation  and th e  r e s p e c t i v e l y
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MYRTLe ISLAND
A T L A N T I C  O C E A N
Contour interval = 5m  
Datum: mean sea level
 [Mile
4000  Feet 
J  K ilom eter
FISHERMANS
ISLAND
F ig u re  11. V ib ra c o re s  and s e is m ic  subbottom  r e c o rd s  w ere used  to  d e te rm in e
th e  g e n e ra l  topography  (dep th  below MSL) o f  th e  P le i s t o c e n e  s u r f a c e ,  
shown above.
F ig u re  12. S t r a t i g r a p h i c  columns o f  th e  same H i l l  Creek c o re  
from Mixon (1985) (T-16) and t h i s  s tu d y  (MC-4)
( s e e  F ig u re  6 f o r  lo c a t io n )  a r e  shown. The 
H o lo c e n e /P le is to c e n e  c o n t a c t  i s  lo c a te d  in  MC-4 
and f a l l s  in  th e  zone o f  no d a t a  from T-16 .
The c o n t a c t  a t  - 3 . 9  m in  T-16 s e p a r a t e s  sed im en ts  
c o r r e l a t i v e  to  Mockhorn I s l a n d  and th e  Wachapreague 
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o ld e r  and younger Yorktown F orm ation  and Holocene d e p o s i t s .  MC-1 to  4 
were r e t r i e v e d  from th e  m ainland f r in g in g  m arsh and b each  w est o f  
Magothy Bay (F ig u re  6 ) .  A lthough MC-4 was tak en  n e a r l y  a t  th e  same 
lo c a t io n  as  T-16, i t  d id  n o t  r e a c h  th e  top o f  th e  lower s e c t i o n  o f  the  
Wachapreague F o rm ation .  P l e i s t o c e n e  sed im en ts  from c o r e s  MC-1 to  4 
a r e  f i n e  and c o a r s e  s a n d s .  A s o i l  h o r iz o n  above th e s e  sands was a l s o  
l o c a l l y  recogn ized  (Cores 6 -6  and MC-1, Appendix I ) .  These sed im ents  
may be from mainland f r i n g i n g  b a c k b a r r i e r  beaches  t h a t  formed 
c o n c u r r e n t ly  w i th  the  l a t e s t  P l e i s t o c e n e  Mockhorn I s la n d  b a r r i e r  
i s l a n d  complex. U n fo r tu n a te ly ,  a  c o n t a c t  betw een th e  low er s e c t i o n  o f  
th e  Wachapreague Form ation  and th e  proposed younger P l e i s t o c e n e  
sed im ents  (up p er  Wachapreague s e c t i o n  o r  Mockhorn fo rm a t io n - s e e  below) 
has n o t  been  p r e c i s e l y  lo c a te d  in  c o re s  from t h i s  s tu d y .  I t  p ro b ab ly  
l i e s  below MC-1 to  4 ,  Magothy Bay a n d /o r ,  Mockhorn I s l a n d .
P re v io u s ly  Unnamed La t e s t  P l e i s t o c e n e  B a r r i e r  I s la n d  D e p o s i ts  
(Mockhorn F orm ation . L a te  Sangamonia n  to  M id-W isconslnan)
Seaward and s t r a t i g r a p h i c a l l y  above th e  lower s e c t i o n  o f  th e  
Wachapreague Form ation  i s  a r e l a t i v e l y  th i c k  sequence o f  o ra n g e - ta n  
b a r r i e r  a s s o c ia te d  sands l o c a l l y  a to p  dew ate red  muds. These d e p o s i t s  
a r e  in fo rm a l ly  c a l l e d  th e  Mockhorn fo rm a t io n .  Mockhorn I s la n d  and th e  
a d ja c e n t  re g io n s  u n d e r ly in g  Holocene d e p o s i t s  a r e  composed o f  t h i s  
u n i t .  D e p o s i ts  a s s o c ia te d  w i th  t h i s  u n i t  a r e  i n t e r p r e t e d  to  r e p r e s e n t  
the  b a r r i e r  is la n d  complex o f  th e  l a s t  P l e i s t o c e n e  m arine  
t r a n s g r e s s i o n .  The t r a n s g r e s s i v e  s t r a t i g r a p h y  o f  Mockhorn fo rm ation
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sed im en ts  canno t be  l i t h o l o g i c a l l y  c o r r e l a t e d  w i th  r e g r e s s iv e  Type 
S e c t io n  d e p o s i t s  o f  l a t e  Wachapreague tim e (Mixon* 1985) .  However* 
Mockhorn fo rm atio n  d e p o s i t s  a r e  b e l ie v e d  e q u iv a le n t  to  th e  upper 
s e c t i o n  o f  th e  Wachapreague F o rm atio n .  The s t r a t i g r a p h i c  p o s i t i o n  o f  
t h i s  u n i t  i n d i c a t e s  a younger age th a n  th e  low er s e c t i o n  o f  th e  
Wachapreague Form ation* hence* a v e ry  l a t e  Sangamonian to  raid- 
W isconsinan ag e .  A P le i s t o c e n e  r a t h e r  th an  Holocene age f o r  t h i s  u n i t  
i s  based  upon sed im en t c o lo r*  g r a i n  s iz e *  f a u n a ,  and sed im en t 
c o n s o l i d a t i o n  t h a t  i s  c l e a r l y  d i f f e r e n t  from s i m i l a r  d e p o s i t i o n a l  
env ironm ents  t h a t  a r e  known as H olocene.
P l e i s t o c e n e  Sand F a c ie s  (Beach* Shoreface*  Flood T id a l  D e l ta )
Based upon th e  sed im en ta ry  c h a r a c t e r i s t i c s *  th e  sand f a c i e s  i s  
d iv id e d  in t o  t h r e e  d i f f e r e n t  b u t  a s s o c i a t e d  d e p o s i t i o n a l  env iro n m en ts .  
These a re  beach* sh o re face*  and f lo o d  t i d a l  d e l t a .  A l l  t h r e e  a re  
c h a r a c t e r i z e d  by an o ra n g e - ta n  c o l o r  and a la c k  o f  most f a u n a .
The most d i s t i n c t i v e  P l e i s t o c e n e  sand d e p o s i t s  a r e  th o s e  found on 
Mockhorn I s la n d  (F ig u re  1 3 ) .  This i n t e r p r e t a t i o n  as  a b a r r i e r  beach  
i s  based  on th e  geomorphology* s t r a t i g r a p h i c  sequence and th e  
fo l lo w in g  sed im en ta ry  c h a r a c t e r i s t i c s .  The g r a in  s i z e  o f  t h i s  sand 
d e p o s i t  i s  q u i t e  u n ifo rm . T e x tu r a l  a n a l y s i s  o f  26 samples show a 
range o f  means betw een 2 .19  $ and 1 .37 () (T a b le  3) and a combined 
sample mean and s ta n d a rd  d e v i a t i o n  o f  1.81 $ and 0 .77  j>» r e s p e c t i v e l y .  
These sands av e ra g e  one h a l f  p h i  s i z e  l a r g e r  th a n  th o se  from th e  
Holocene b a r r i e r *  Smith I s la n d  (T ab le  3 ) .  The P l e i s t o c e n e  sand v a r i e s  
betw een 2 .0  to  3 .0  m th i c k  below  MSL (T a b le  16) and when combined w ith
F ig u re  1 3 .  Shown in  t h i s  p h o to g rap h  a r e  Mockhorn I s l a n d  
b e a c h  s a n d s .  Mote th e  medium g r a i n  s i z e  o f  




MOCKHORN ISLAND SAND OR SAND-AND-HOLOCENE MARSH THICKNESS
South to  North
Core, Number Sand T hickness  (Below MSL)
M-9 * 200 cm ( a d d i t i o n a l  30 cm o f  sand above MSL)








M-4 200 cm ( a d d i t i o n a l  20 cm o f  sand above MSL)
7 -8  240 cm
M-7A 238 cm
M-3 240 cm ( a d d i t i o n a l  70 cm o f  sand above MSL)
M-6 230 cm ( a d d i t i o n a l  50 cm o f  sand above MSL)
M-2* 200 cm ( a d d i t i o n a l  75 cm o f  sand and marsh
above MSL)
M-5* 280 cm ( a d d i t i o n a l  50 cm o f  sand and marsh
above MSL)
M-l* 328 cm
*Cores d id  n o t  re a c h  th e  sand/mud c o n t a c t .  The d e p th  shown i s  th e  t o t a l  
c o re  d e p th  r e l a t i v e  to  mean s e a - l e v e l  (MSL).
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1 .5  to  2 .0  ra o f  i n t e r t i d a l  and s u b a e r i a l  Mockhorn I s la n d  sands amounts 
to  a  d e p o s i t  3 .5  to  5 .0  m t h i c k .  Sed im entary  s t r u c t u r e s  a re  u s u a l l y  
n o t  p r e s e n t  b u t  in  some c a s e s  in c lu d e  heavy m in e ra l  la m in a t io n s  and 
p l a n a r ,  m o s tly  h o r i z o n t a l  b e d s .  Round burrow s a r e  p r e s e n t  in  some 
p l a c e s .  Fedogenic  e v id e n c e ,  i s  seen  in  some c o r e s ,  f o r  example c o re  
M-7A (F ig u r e  1 4 ) ,  and some o f  th e  heavy m in e ra ls  a re  e t c h e d .  The 
c o n t a c t  w i th  th e  mud f a c i e s  below i s  always sh a rp  b u t  co n fo rm ab le ; i t  
looks touch l i k e  th e  modern b a r r i e r / l a g o o n  and n e a r s h o re / la g o o n  
c o n t a c t s  reco g n ized  in  c o r e s  9-1A and 6D (F ig u r e  1 5 ) .  One sample 
analyzed  f o r  p e rc e n ta g e  o f  heavy m in e ra ls  shows no a p p a re n t  d i f f e r e n c e  
from t h a t  found in  Holocene sands (T a b le  9 ) .  F our  samples were 
s tu d ie d  by  J . P .  Owens (U n ited  S t a t e s  G e o lo g ic a l  Survey , R eston , 
V i rg in ia )  who a l s o  found h ig h  c o n c e n t r a t i o n s  o f  h o rn b le n d e .  In  
a d d i t i o n ,  th e  heavy m in e ra ls  a r e  w e l l  ro u n d ed ,  a c h a r a c t e r i s t i c  which 
i s  u s u a l l y  d i a g n o s t i c  o f  an o s c i l l a t o r y  wave dom inated env ironm ent.
Mockhorn I s la n d  sands a re  p r e s e n t l y  b e in g  reworked by an 
en c ro ach in g  s e a  due to  th e  Holocene m arine  t r a n s g r e s s i o n .  E ro s io n  i s  
v e ry  a p p a re n t  on th e  w e s te rn  sh o re  o f  Mockhorn I s la n d  where Magothy 
Bay p ro v id e s  a la rg e  f e t c h  (F ig u re  1 6 ) .  Reworking o f  i n t e r t i d a l  and 
s u b t i d a l  sands i s  recogn ized  by th e  p re s e n c e  o f  a ta n  c o l o r ,  mollusk 
s h e l l s  and s h e l l  f rag m e n ts ,  and , in  some p l a c e s ,  c a lc a re o u s  
fo r a m in i f e r s  (T a b le  6 ) .
M ainland P le i s t o c e n e  sed im en ts  on th e  w e s te rn  s id e  o f  Magothy Bay 
u n d e r l i e  Holocene marsh o r  b a c k b a r r i e r  beaches  composed o f  Holocene 
and reworked P le i s t o c e n e  san d .  These sed im en ts  a r e  i n t e r p r e t e d  as 
a b a c k b a r r i e r  beach  a s s o c ia t e d  w i th  th e  Mockhorn b a r r i e r  (F ig u re  1 7 ) .
F ig u re  14 . Mockhorn I s la n d  beach  sands from Gore M-7A 
t h a t  e x h i b i t  p o s s i b l e  pedogen ic  e v id e n c e .  
Note m o t t l in g  and e tched  heavy m in e r a l s .

F ig u re  15 . Sharp b u t  conform able  c o n ta c t s  betw een P le i s t o c e n e  
fo r e s h o re  sands and b a c k b a r r i e r  muds ( l e f t ) ,
Holocene fo r e s h o re  sands and b a c k b a r r i e r  muds 
( c e n t e r ) , and Holocene n e a rsh o re  sands and 
b a c k b a r r i e r  muds ( r i g h t ) • These c o n t a c t s  a r e  th e  
rav inem en t s u r f a c e  a s s o c ia te d  w ith  th e  l a t e  
P l e i s t o c e n e  ( l e f t )  and Holocene ( c e n t e r ,  r i g h t )  
m arine  t r a n s g r e s s i o n s .  In  th e  c e n t e r  pho tograph  
n o te  th e  muddy t e x tu r e  and s h e l l  d e b r i s  (mud s n a i l s ,  




F ig u re  16 . Located a long  th e  w e s te rn  f o r e s h o r e  o f
Mockhorn I s l a n d ,  a d j a c e n t  to  Magothy Bay, 
a r e  t r e e  s tum ps. These t r e e s  were k i l l e d  
due to  s a l t - w a t e r  in u n d a t io n  from th e  
Holocene r i s e  in  s e a  l e v e l .  The Holocene 
e ro s io n  o f  Mockhorn I s l a n d  may a l s o  be  
reco g n ized  from th e  s c a rp  ( a t  r i g h t ) .

F ig u re  17 . Mainland P le i s t o c e n e  b each  sands found below 
mainland f r i n g i n g  Holocene p o ck e t beaches  and 
m arshes .  Note th e  h o r i z o n t a l  heavy m in e ra l  
b e d d in g .
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A b each  i n t e r p r e t a t i o n  i s  b ased  on a t a n  to  l i g h t - g r e y ,  f i n e ,  w e l l -  
s o r t e d ,  and h o r i z o n t a l l y  heavy m in e ra l  bedded sand (C ores  MC-2 to  4 ,  
CL-1, 7 - 9 ,  Appendix 1 ) .  C o a r s e r  sandB and p e b b le s  a r e  be low  th e  beach  
sands* Ten sam ples ana ly zed  show a ra n g e  o f  means be tw een  - 0 .4 8  <j) and 
2 .60  w i th  some c o a r s e r  sands  e x h i b i t i n g  s ta n d a rd  d e v i a t i o n s  over 
1 .50  ({l (T a b le  3 ) .  The u p p e r  sands and l o c a l l y  p r e s e n t  p e b b le s  r e f l e c t  
th e  c o n t a c t  be tw een  Holocene s e d im e n ts .  The low er c o a r s e r  sands 
p e n e t r a t e d  may r e p r e s e n t  th e  c o n t a c t  to  th e  low er s e c t i o n  o f  th e  
V achapreague F o rm a t io n .
Landward and seaward o f  Mockhorn I s la n d  a r e  s u b s u r f a c e  
P l e i s t o c e n e  sands t h a t  show much more t e x t u r a l  v a r i e t y .  These sands 
a r e  i n t e r p r e t e d  as  th e  o r i g i n a l  P l e i s t o c e n e  s h o r e f a c e  o f  Mockhorn 
I s l a n d ,  a l th o u g h  th e  fo rm er f o r e s h o re  o f  an e a r l i e r  Mockhorn Is la n d  
t h a t  f a p i d l y  r e t ro g ra d e d  o r  r e g r e s s i v e  l i t t o r a l  sands  d e p o s i t e d  w ith  a 
f a l l i n g  s e a  a f t e r  emplacement o f  Mockhorn I s l a n d  a r e  o th e r  
p o s s i b i l i t i e s .  Mean g r a i n  s i z e s  o f  i n d i v i d u a l  sam ples ra n g e  from 1 .08  
0 to  3 .03  w i th  a  t o t a l  sam ple mean o f  2 .1 0  <|) and s ta n d a rd  d e v i a t i o n  
o f  0 .6 4  $ (T a b le  3 ) .  P h y s ic a l  s e d im e n ta ry  s t r u c t u r e s  in c lu d e  graded 
and t h i n  p l a n a r  beds  from th e  c o a r s e r  and f i n e r  d e p o s i t s ,  
r e s p e c t i v e l y .  These sed im en ts  l i e  be low  Holocene b a c k b a r r i e r  
d e p o s i t s .  The P le i s to c e n e /H o lo c e n e  c o n t a c t  i s  u s u a l l y  g r a d a t i o n a l  
( F ig u r e  1 8 ) .  However, a sh a rp  u p p e r  c o n t a c t  w i th  a  Holocene 
t r a n s g r e s s i v e  la g  i s  found l o c a l l y  ( F ig u r e  1 9 ) .  The d e p th  below  MSL 
to  th e  s u r f a c e  o f  th e s e  sands depends upon th e  amount o f  e r o s io n  s in c e  
emplacement and d e p th  o f  o r i g i n a l  em placem ent. The i r r e g u l a r  
P l e i s t o c e n e  s u r f a c e  seaward o f  Mockhorn I s l a n d  i s  g e n e r a l l y  s een  in
F ig u re  18 . Photomosaic o f  c o re  6-7 tak en  from th e  b a c k b a r r i e r  
environm ent ap p ro x im a te ly  two km seaward o f  
Mockhorn I s l a n d .  Holocene b a c k b a r r i e r  d e p o s i t s  
a r e  shown above P le i s t o c e n e  s a n d s .  The c o n t a c t  
betw een th e  two u n i t s ,  a t  a p p ro x im a te ly  s i x  m e te r s ,  
i s  g r a d a t i o n a l .  The P l e i s t o c e n e  sands a r e  
f i n e  g r a in e d ,  w e l l  s o r t e d ,  and i n t e r p r e t e d  as 
a fo re s h o re  o r  n e a r s h o re  d e p o s i t .

F ig u re  19 . S h e l l s  and p eb b le s  in  c o re  7-5 a r e  from a 
t r a n s g r e s s iv e  la g  d e p o s i t .  T h is  d e p o s i t  
r e f l e c t s  the  i n i t i a l  in u n d a t io n  o f  th e  
Holocene m arine  t r a n s g r e s s i o n .  P l e i s t o c e n e  
and Holocene sed im ents  l i e  below and above th e  
la g j  r e s p e c t i v e l y .  T h is  sh a rp  c o n t a c t  between 
P le i s t o c e n e  and Holocene d e p o s i t s  i s  n o t  
always s een .  O f ten  th e  c o n ta c t  i s  g r a d a t i o n a l .
I' 
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th e  se ism ic  reco rd  o f  F ig u r e  10 ; t h i s  i r r e g u l a r i t y  i s  in c lu d ed  in  th e  
c r o s s - s e c t i o n s  ( in t r o d u c e d  l a t e r ) .
S e v e ra l  sand b o d ie s  a r e  found i n  th e  mud f a c i e s  below  th e  b a r r i e r  
s a n d s .  The s t r a t i g r a p h i c  p o s i t i o n *  g r a d a t i o n a l  c o n t a c t s  to  th e  mud, 
and r o o t i n g  o f  th e s e  sands  i n d i c a t e  a  b a c k b a r r i e r  s h o a l  o r i g i n ,  
p o s s i b l y  a  f lood  t i d a l  d e l t a .  Core M-8 (F ig u r e  20) e x h i b i t s  t h i s  
e n v iro n m e n ta l  i n t e r p r e t a t i o n .  P l a n a r  bed d ed ,  medium to  f i n e  g ra in e d
sands  (X = 2 .50  (jl) c o n t a in in g  r o o t s  a t  top  and o v e r l a i n  by  p e a t  f i r s t ,  
th e n  la g o o n a l  mud, and f i n a l l y  th e  b a r r i e r  s a n d s ;  be low  th e  sand a re  
more la g o o n a l  muds.
P l e i s t o c e n e  Mud F a c ie s  (Lagoon, Marsh)
F o u r te e n  v ib r a c o r e s  p e n e t r a t e d  th e  Mockhorn I s l a n d  b a r r i e r  sands 
i n t o  a m o s t ly  c l a y - s i l t  d e p o s i t  (T a b le  1 6 ) .  T h is  mud i s  found o n ly  
be low  Mockhorn I s l a n d  and i s  g e n e r a l l y  compacted and in c lu d e s  p e a t  and 
o r g a n i c - r i c h  h o r iz o n s  (F ig u re s  2 0 ,  2 1 ) .  I t  i s  a t  l e a s t  2 .5  m t h i c k ;  
t h e  low er c o n t a c t  was n o t  p e n e t r a t e d .  S a n d / s i l t / c l a y  p e r c e n ta g e s  o f  
s e v e n te e n  samples v a ry  l i t t l e  and show a  r e s p e c t i v e  d i s t r i b u t i o n  o f  
20Z/44Z/36Z w i th  a  mean sand f r a c t i o n  o f  2 .6 8  ^ and a  mean s ta n d a rd  
d e v i a t i o n  o f  0 .8 0  (T a b le  3 ) .  Two sam ples ta k e n  im m ed ia te ly  above 
in te rb e d d e d  sand b o d ie s  a r e  c o a r s e r .  As m entioned p r e v i o u s l y ,  th e  
c o n t a c t  w i th  th e  P l e i s t o c e n e  sand f a c i e s  i s  s h a rp  b u t  co n fo rm ab le  
( F ig u r e  1 5 ) .  The mud o f t e n  c o n t a in s  much p l a n t  d e b r i s  and i s  
sometimes m o t t l e d ,  p o s s i b ly  due t o  o x i d a t i o n ;  l e n t i c u l a r  sand beds  a re  
p r e s e n t  l o c a l l y  (F ig u r e  2 0 ) .  Mica a p p e a rs  v e ry  abundan t i n  most o f
F ig u r e  2 0 .  Photom osaic o f  P l e i s t o c e n e  c o r e  M-8 from Mockhorn 
I s l a n d  ( s e e  F ig u r e  6 f o r  l o c a t i o n ) .  The 
tT a n s g re s s iv e  n a t u r e  o f  Mockhorn I s l a n d  i s  s een  
in  t h i s  c o r e .  Beach sands  o v e r l i e  b a c k b a r r i e r  
d e p o s i t s  t h a t  show l e n t i c u l a r  b e d d in g ,  and 
in c lu d e  in te rb e d d e d  p e a ty  c l a y s ,  and a f i n e  sand 
h o r iz o n  i n t e r p r e t e d  as  a  f lo o d  t i d a l  d e l t a  
s h o a l .

F ig u re  21 . Photomosaic o f  P l e i s t o c e n e  c o r e s  M-7 and M-7A 
from Mockhorn I s l a n d .  The medium sands o f  
Mockhorn I s l a n d  a r e  shown above b a c k b a r r i e r  
d e p o s i t s .  Inc luded  in  th e  b a c k b a r r i e r  
d e p o s i t s  a r e  p e a ty  c l a y s  ( a t  250 cm) t h a t  
have been C-14 d a t e d .
CORE M-J 1.6m CQREfelWiTtA: 3i3”ni
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t h i s  f a c i e s ,  one o f  two samples analyzed  s u p p o r ts  th iB  o b s e rv a t io n  
(T ab le  1 2 ) .  G la u c o n i te  i s  a l s o  p r e s e n t  (T ab le  1 2 ) .
P e a ts  a r e  c h a r a c t e r i z e d  by t h e i r  brown o r  b la c k  c o l o r ,  
s t r a t i g r a p h i c  p o s i t i o n ,  r e l a t i v e l y  l a r g e  amount o f  o rg a n ic  m a t t e r ,  in  
one c a s e  37.1  X (T a b le  4 ) ,  and th e  p re s e n c e  o f  r o o t l e t s  (F ig u re s  20 , 
2 1 ) .  S e v e ra l  sam ples d id  n o t  meet a l l  o f  th e s e  c r i t e r i a  b u t  c o n ta in  
r e l a t i v e l y  more o rg an ic  m a t t e r  and a r e  brown o r  b la c k  i n  c o l o r ;  they  
a r e  c a l l e d  o r g a n i c - r i c h  muds. O ther sam ples from t h i s  mud f a c i e s  
c o n t a in  be tw een  5 and 10 % o rg a n ic  m a t t e r  w hich i s  com parable to  
Holocene sam ples from a s i m i l a r  env ironm ent (T a b le  4 ) .
Few fauna  a r e  found w i th in  th e  mud f a c i e s .  No macrofauna i s  seen  
b u t  in  t h r e e  sam ples b o th  c a lc a r e o u s  and a g g l u t in a t e d  f o r a m in i f e r s  a r e  
p r e s e n t  (T ab le  6 ) .  F u r th e rm o re ,  u n i d e n t i f i e d  d i n o f l a g e l l a t e s  were 
found d u r in g  th e  p o l l e n  e x t r a c t i o n .  However, no o s t r a c o d e s  were found 
in  the  one sample analyzed  (T a b le  7 ) .  H o st  m ic r o f o B s i l s ,  i f  
o r i g i n a l l y  p r e s e n t ,  may have been  leached  fo l lo w in g  d e p o s i t i o n .
A m a rg in a l  m arine  la g o o n a l  environm ent i s  i n t e r p r e t e d  f o r  t h i s  
f a c i e s .  T h is  c o n c lu s io n  i s  based  upon th e  s t r a t i g r a p h i c  r e l a t i o n s h i p  
w i th  th e  sand f a c i e s ,  th e  t e x t u r a l  c h a r a c t e r i s t i c s  o f  th e  mud, 
b ed fo rm s , and th e  few b u t  s u p p o r t iv e  m ic ro fa u n a l  a ssem b lag es .  P e a t  
and p o s s i b ly  o r g a n i c - r i c h  muds a r e  b e l i e v e d  to  be  th e  remnants o f  
m arshes .
P e a t s  and o r g a n i c - r i c h  muds a r e  C-14 d a te d  (T a b le  1 4 ) .  These 
d a t e s ,  and p o l l e n  assem blages (d i s c u s s e d  l a t e r )  s e p a ra te d  from the  
muds, su p p o r t  a  m id-W iseonsinan m arine  t r a n s g r e s s i o n .  A more d e t a i l e d  
e x p la n a t io n  i s  p re s e n te d  l a t e r .
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Holocene B a r r i e r  I s la n d  D e p o s i ts  
B a r r i e r  D e p o s i t io n a l  Environments
1 . B a r r i e r  Beach and Washover: F o re s h o re ,  b a c k sh o re  and washover fans
a r e  grouped to g e th e r  becau se  a l l  a re  o n ly  s u r f i c i a l l y  found on Smith 
I s la n d  and a r e  m o s tly  the  p ro d u c t  o f  swash and s u r f  zone p r o c e s s e s .  
This  d e p o s i t i o n a l  environm ent iB c h a r a c t e r i z e d  by  a t e x t u r a l l y  and 
m in e r a lo g ic a l l y  u n ifo rm , f i n e  g r a in e d ,  w e l l  s o r t e d  o r t h o q u a r t z i t i c  
sand (F ig u r e  2 2 ) .  Mean g r a i n  s i z e / s t a n d a r d  d e v i a t i o n  o f  th e  fo re sh o re  
and washover sands a re  2 .3 0 /0 .4 9  (j) and 2 .3 9 /0 .5 3  j), r e s p e c t i v e l y .
Upper fo re s h o re  and b acksho re  sand th ic k n e s s  i s  app ro x im ate ly  1 .0  to  
2 .5  m. The th i n  Holocene b a r r i e r  i s l a n d  r e f l e c t s  th e  p a u c i ty  o f  
a v a i l a b l e  sand .  Low-angle to  h o r i z o n t a l  p l a n a r  beds  dom inate  the  
' d e p o s i t  i n t e r n a l l y .  Exhumed b a c k b a r r i e r  s h e l l s  o f  o y s te r s
( C rassO B trea  v i r g i n i c a )  and quahogs (M ercen ar ia  m e rc en a r ia )  a long  w ith  
A t l a n t i c  s u r f  clams ( S p is u la  s o l i d i s s i m a ) , and w helks ( Busycon 
c a n a l ic u la tu m )  a r e  common on th e  s u r f a c e .  The c o n t a c t  w i th  the  
b a c k b a r r i e r  muds below th e  sands i s  sh a rp  b u t  confo rm ab le  (F ig u re  1 5 ) .
One washover sample i n d i c a t e s  r e l a t i v e l y  abundan t c a lc a r e o u s  
fo r a m in i f e r s  c o l l e c t  in  t h i s  env ironm ent (T a b le  6 ) .  A heavy m in e ra l  
assem blage o f  dom inan tly  h o rn b le n d e ,  g a r n e t ,  and e p id o te  o ccu rs  in  the  
s u r f a c e  samples from Smith I s la n d  (T a b le s  8 ,  9 ,  and 1 3 ) .  A w eigh t 
p e r c e n t  o f  heavy m in e ra ls  and mica from t h i s  environm ent i s  
ap p ro x im a te ly  2 .0  X (T ab le  1 3 ) .  R e f l e c t i n g  th e  h ig h  energy o f  the  
beach  env ironm en t,  on ly  1 .0  to  2 .9  X o f  th e  t o t a l  number o f  heavy
F ig u re  22. Photomosaic o f  c o re  7-1A from th e  Smith I s la n d  
fo r e s h o r e  ( s e e  F ig u re  6 f o r  l o c a t i o n ) .  The 
top  70 cm a r e  f i n e  g r a in e d ,  w e l l  s o r t e d ,  
Holocene fo r e s h o re  s a n d s .  Below th e  sh a rp  
c o n t a c t  a r e  b io t u r b a t e d  t i d a l  f l a t  d e p o s i t s  
which g rade  in t o  open lagoon sed im en ts  
betw een a  range  o f  350 and 425 cm below MSL.
CORE 7-1A SMITH ISLAND FORESHORE 5.8m
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m in e ra l  and mica g r a in s  i s  mica (T ab le s  8 and 1 3 ) .  G la u c o n i te  i s  as 
common as th e  most common heavy m in e ra ls  (T a b le s  8 ,  1 2 ,  and 1 3 ) .
2 .  S h o re fa c e :  S ho reface  sands a r e  found seaward o f  Smith I s la n d  in  
c o r e s  6A th rough  6E b u t  t h e  e n t i r e  d e p o s i t i o n a l  environm ent i s  on ly  
seen  in  c o re s  6D and 6E (F ig u re  2 3 ) .  These c o r e s  p e n e t r a t e  a 
s h o re fa c e  d e p o s i t  0 .70  to  0 .95  m t h i c k .  S a n d / s i l t / c l a y  p e rc e n ta g e s  
a r e  89 /07 /04  w i th  a mean sand f r a c t i o n  o f  2 .9 0  (| and mean s tan d a rd  
d e v i a t i o n  o f  0 .2 5  <}. A t re n d  o f  l e s s  mud and s l i g h t l y  c o a r s e r  sand is  
i d e n t i f i e d  i n  a landward d i r e c t i o n .  Sed im entary  s t r u c t u r e s  a re  n o t  
abundan t b u t  in c lu d e  some p la n a r  h o r i z o n t a l  heavy m in e ra l  beds and a 
few round bu rro w s.  Small s h e l l  fragm ents  and mica a r e  l o c a l l y  
p r e s e n t .  Like th e  beach  s a n d s ,  th e  c o n t a c t  t o  th e  b a c k b a r r i e r  
d e p o s i t s  below  th e  s h o re fa c e  i s  sh a rp  b u t  confo rm ab le  (F ig u re  1 5 ) ,  
i . e . ,  e ro s io n  has  taken  p la c e  b u t  no s i g n i f i c a n t  b re a k  in  time f o r  
su b seq u en t d e p o s i t io n  has  o c c u r re d .
B a c k b a r r ie r  D e p o s i t io n a l  Environments
1 .  Holocene S a l t  Marsh: Landward o f ,  and u s u a l l y  b e n e a th ,  Smith
I s la n d  a re  o r g a n ic - r i c h  muds (F ig u re  2 4 ) .  G e n e ra l ly  0 .5  to  1 .0  m 
t h i c k ,  they  r e p r e s e n t  th e  e n t i r e  accum ula tion  o f  l a t e  Holocene marsh 
s e d im e n ta t io n .  Marshes p r i n c i p a l l y  e x i s t  as  b o th  l a rg e  and sm all  
b a c k b a r r i e r  i s l a n d s  l o c a l l y  enc roach ing  upon a d ja c e n t  t i d a l  f l a t s  
(F ig u r e  2 5 ) .  Marshes a l s o  f r i n g e  Mockhorn I s l a n d ,  th e  landward edge 
o f  Smith I s l a n d ,  and a long  the  m ainland s h o r e l i n e  w est o f  Magothy Bay. 
The marsh environm ent s u p p o r ts  a  r e l a t i v e l y  la rg e  assem blage o f
F ig u re  23 . Photomosaic o£ c o re s  6D and 6E from th e  n e a rs h o re  
o f  Smith I s l a n d .  The f i n e  sands o f  th e  n e a rs h o re  
a r e  l e s s  than  a  m e te r  t h i c k .  Below th e se  sands 
a r e  b a c k b a r r i e r  muds. The c o n ta c t  i s  e r o s io n a l  
and c o n s t i t u t e s  a  rav inem en t s u r f a c e .
£ *\
T R A H S E C O l
CORE- 0  2.70iw fct% & k .“ / -
 b V
i f  ^ f il
I** l i
CORE E 2 .5 5 /ft
.w'pr t i
r*?















b * % V ” 1 V* -»■;&-
llrK
■**4i -■MAS?
F ig u r e  2 4 .  O r g a n ic - r i c h  muds, n o rm a l ly  found a t  o r  n e a r
th e  s u r f a c e  o f  th e  b a c k b a r r i e r  env ironm en t a r e  
shown. The v e g e t a t i o n  i s  u s u a l l y  S p a r t l n a  
a l t e r n i f l o r a .
. " 
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F ig u re  25 . Holocene s a l t  marshes a r e  shown en cro a ch in g  
upon a d ja c e n t  muddy t i d a l  f l a t s  in  th e  
b a c k b a r r i e r  env ironm en t.  The t r a n s i t i o n  from 
t i d a l  f l a t  to  m arsh , th u s  f u r t h e r  i n f i l l i n g  and 
r e s t r i c t i n g  th e  b a c k b a r r i e r  r e g io n ,  i s  
d emons t r a t e d . *
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a g g lu t in a t e d  fo r a m in i f e r a  (T a b le  6) and i s  h e a v i ly  ro o te d  a t  the  
s u r f a c e .  A wide range  o f  v a lu e s  f o r  t o t a l  Organic m a t te r  by  w eigh t 
a r e  found w ith  some samples o v e r  20% (T a b le  4 ) .  The f r a c t i o n  o f  
o rg an ic  m a t t e r  av e rag es  13% in  th e  u p p e r  75 cm b u t  d e c re a s e s  towards 
th e  lower g r a d a t io n a l  c o n t a c t  (T a b le  4 ) .  G ra in  s i z e  measurements on 
19 marsh samples were com ple ted ;  13 from m o s tly  muddy m arsh i s la n d s  
and 6 from sandy m arshes t h a t  developed  a to p  b a c k b a r r i e r  beaches  o r  
P l e i s t o c e n e  sands (T ab le  3 ) .  Muddy m arsh sed im ents  c o n t a in  about 27% 
s a n d ,  55% s i l t  and 18% c l a y  w i th  a mean sand f r a c t i o n  and s ta n d a rd  
d e v i a t i o n  o f  2 .66 j) and 0 .85  4>, r e s p e c t i v e l y  and c o a rse n  a d ja c e n t  to  
Smith I s l a n d ,  Sandy marsh d e p o s i t s  have a s a n d / s i l t / c l a y  p e rc e n ta g e  
o f  7 5 /1 5 /1 0 .  The mean sand f r a c t i o n  o f  1 .65  (|> and mean s ta n d a rd  
d e v i a t i o n  0 .76  <j> r e f l e c t  th e  P l e i s t o c e n e  sand p re s e n c e .
S u rfa c e s  o f  th e  marsh a r e  n e a r l y  h o r i z o n t a l  w i th  numerous t i d a l  
c r e e k s  and ch an n e ls  b i s e c t i n g  them. Creek c h a n n e ls  u s u a l l y  e x h i b i t  a 
s t e e p ,  e ro d in g  bank and an a c c r e t i n g  bank w i th  c o lo n iz in g  S p a r t in a  
a l t e r n i f l o r a  (F ig u re  2 6 ) .  Marsh I s la n d  b i o t a  in c lu d e  th e  marsh 
p e r iw in k e l  ( L i t t o r i n a  i r r o r a t a )  and i n t e r t i d a l  p l a n t s  S p a r t i n a  
flltern iflp ra . S a l i c o r n i a  v i r g i n i c a  and l e s s  o f t e n  P i s t i c h l i s  s p i c a t a .
The l a t t e r  two grow a t  e l e v a t i o n s  n e a r  mean h ig h  w a te r  (MHW). Low and 
h ig h  marsh p l a n t s  a r e  found w i th in  th e  f r i n g i n g  m arshes . S p a r t in a  
p a te n s  and B n r r ic h ia  f r u te s c e n s  a r e  w e l l  e s t a b l i s h e d .
2 .  T id a l  F l a t :  The t i d a l  f l a t  i s  found u s u a l l y  a d ja c e n t  to  and below
th e  to p o g r a p h ic a l ly  h ig h e r  m arshes .  I t  i s  a t y p i c a l l y  i n t e r t i d a l  
d e p o s i t  b u t ,  in  t h i s  s tu d y ,  sed im en ts  d e s c r ib e d  h e r e in  may a l s o  be
F ig u re  26 . A b a c k b a r r i e r  t i d a l  c re e k  e x h i b i t i n g  a s te e p
e ro d in g  bank ( r i g h t )  and an a c c r e t i n g  bank w ith  
c o lo n iz in g  s a l t  marsh i s  shown. The c re e k  i s  
a p p a r e n t ly  m ig ra t in g  to  th e  r i g h t  ( s o u t h ) .

105
found in  th e  upper  s u b t i d a l .  The u p p e r  c o n t a c t  i s  g r a d a t io n a l  b e in g  
c h a r a c t e r i z e d  by th e  ro o ted  and f i n e r  t e x t u r e  o f  the  marsh sed im en t.
The low er c o n t a c t  i s  a l s o  g r a d a t i o n a l  and most o f te n  a c o a r s e r  g ra in ed  
mixed o r  sand f l a t  (open  la g o o n ) .  T h ickness  o f  t h i s  d e p o s i t  i s  as 
g r e a t  as  3 .0  m b u t  av e rag es  around 1 .5  to  2 .0  m. I t  i s  c h a r a c te r i z e d  
by a muddy t e x t u r e ,  much b i o t u r b a t i o n ,  and an abundance o f  o y s t e r s .
L ike s a l t  m arshes ,  t i d a l  f l a t s  may form o v er  P l e i s t o c e n e  s a n d s ,  
rew ork ing  th e s e  sands in  th e  p r o c e s s ,  and thus  be  c o a r s e r  than  the 
t y p i c a l l y  more muddy t i d a l  f l a t s  (T a b le  3 ) .  Sandy t i d a l  f l a t s  a re  
most common a d ja c e n t  to  Mockhorn I s l a n d .  The t e x t u r a l  d i s t r i b u t i o n  o f  
th e  more common f in e r - g r a i n e d  t i d a l  f l a t s  av e rag es  about 40% sand ,  40% 
s i l t  and 20% c l a y .  Sandy t i d a l  f l a t s  e x h i b i t  a s a n d / s i l t / c l a y  
p e rc e n ta g e  o f  8 2 /1 0 /8 .  Mean g r a i n  s i z e / s t a n d a r d  d e v i a t i o n  f o r  th e  
f i n e r  and c o a r s e r  t i d a l  f l a t  d e p o s i t s  a r e  3 .0 4  0 /0 .5 9  (jl and 1 .78  
0 /0 .6 7  ( | ,  r e s p e c t i v e l y .
C a lca reo u s  fo r a m in i f e r a  a r e  common m i c r o f o s s i l s  i n  th e  t i d a l  
f l a t s  (T a b le  6 ) .  Mica make up betw een 16 and 20 % o f  th e  n o n - s i l i c a  
component o f  th e  t i d a l  f l a t  sed im en t (T ab le  13) and in  one sample 
eq u a ls  4 .4  % o f  the  e n t i r e  2 to  3 j) s i z e  f r a c t i o n  (T ab le  1 2 ) .
A lthough most heavy m in e ra ls  a re  h o rn b le n d e ,  g a r n e t ,  and e p id o te  the  
s u i t e  i s  l e s s  dominant than  t h a t  found on th e  b a r r i e r  b e a c h .  Many 
o th e r  heavy m in e ra ls  show g r e a t e r  p e r c e n ta g e s  (T ab les  9 and 1 3 ) .
However, compared to  th e  b a r r i e r  b e a c h ,  l e s s  heavy m in e ra ls  a re  
p r e s e n t  (T a b le  1 3 ) .
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The d e p o s i t  i s  e x t e n s iv e ly  burrow ed, thus p h y s ic a l  sed im en ta ry  
s t r u c t u r e s  a r e  n o t  r e a d i l y  p r e s e r v e d ;  few a r e  seen  even w ith  x -  
ra d io g ra p h s .  Mud s n a i l s  ( I .  o b s o le te )  a r e  abundant in  th e  muddy 
d e p o s i t s  (F ig u r e  1 5 ) .  O yster  s h e l l s  ( C r a s s o s t r e a  v i r g i n i c a )  in  l a y e r s  
up to  2 m t h i c k ,  b u t  more o f t e n  0 .3  to  0 .5  m t h i c k ,  a r e  found in  c o re s  
t h a t  p e n e t ra te d  t h i s  d e p o s i t i o n a l  env ironm en t.  S im i la r  to  th o se  found 
in  South C a r o l in a  (Ruby, 1 9 8 1 ) ,  o y s t e r  b a r s  in  V i r g in i a  a r e  found i n  a 
zone n ea r  th e  m a r s h - t i d a l  f l a t  c o n t a c t .  These o y s t e r  communities 
measure a few m eters  a c ro s s  b u t  may be  s e v e r a l  te n s  o f  m e te rs  long .
3 .  Open (H igh Energy) Lagoon: T h is  env ironm ent i s  b e s t  c h a r a c t e r i z e d
by  1) muddy sands dom inated by  p h y s ic a l  s ed im en ta ry  s t r u c t u r e s  such as 
f l a s e r ,  wavy, l e n t i c u l a r  and c o a r s e l y  and t h i n l y  i n t e r l a y e r e d  sand-raud 
bedd ing  (F ig u re  27) o r  2) a f i n e  to  v e ry  f i n e  g ra in e d  s l i g h t l y  
b io tu r b a te d  sand (T a b le  1 5 ) .  The f i n e  sand member o f t e n  g ra d e s  in to  
o v e r to p p in g  muddy s a n d s .  Bedding r e s u l t s  from an i n t e r p l a y  o f  h igh  
c u r r e n t  v e l o c i t y  bed load t r a n s p o r t  o f  sand and low c u r r e n t  o r  s la c k  
w a te r  d e p o s i t i o n  o f  suspended sed im e n t .  The sed im en t f i n e s  upwards 
w i th  in c r e a s in g  b i o t u r b a t i o n .  Sedim ents from t h i s  environm ent u s u a l l y  
range  from 1 .0  to  5 .0  m th ic k  and average  abou t 2 .5  m.
C h a r a c t e r i s t i c s  o f  g r a i n  s i z e ,  sed im e n ta ry  s t r u c t u r e s  and s p e c ie s  
d i v e r s i t y  d e s c r ib e d  h e r e in  p ro v id e  ev id en ce  f o r  d e p o s i t i o n  in  a 
r e l a t i v e l y  h ig h  energy  b a c k b a r r i e r  en v ironm en t.
T e x tu ra l  a n a ly se s  o f  muddy sand sam ples ta k en  p e r p e n d ic u la r  to  
bedd ing  p la n e s  i n d i c a t e  a co m p o s i t io n  o f  a p p ro x im a te ly  70% s a n d - s iz e  
m a t e r i a l ,  20% s i l t  and 10% c l a y .  A mean g r a i n  s i z e / s t a n d a r d  d e v i a t i o n  
o f  th e  sand f r a c t i o n  from 15 sam ples a re  2 .8 5  j) /0 .53  (^.
F ig u re  27. Open (h ig h  energy) la g o o n a l  sed im en ts  e x h i b i t i n g  
l e n t i c u l a r  and t h i n l y  in t e r l a y e r e d  sand-mud 
bedd ing  a r e  shown.
m
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The f in e  sand member o f  t h i s  d e p o s i t  o f t e n  appea rs  as a sand 
f l a t ,  c o n t a in in g  l i t t l e  i f  any mud, and has a mean g r a in  s i z e  o f  2 .88  
0 and a s ta n d a rd  d e v i a t i o n  o f  0 .43  (jl (7  s a m p le s ) .  The g r a i n  s i z e  o f  
th e se  sands a r e  s i m i l a r  to  Smith r a t h e r  than  Mockhorn Is la n d  and 
th e re b y  i n d i c a t e  a Holocene s o u rc e .  Magothy Bay i s  a modern open 
lagoon environm ent w ith  a much c o a r s e r  mean g r a i n  s i z e  o f  1 .74  (jl (5  
samples) (T ab le  3) from rew orking o f  Mockhorn I s la n d  s a n d s .
S im i l a r l y  o th e r  r e s e a r c h e r s  have d e s c r ib e d  open o r  h ig h  energy  
lag o o n s .  The h ig h -en e rg y  lagoon o f  Ruby (1981) i s  much l i k e  th e  
environm ent c h a r a c t e r i z e d  above. On V i r g i n i a ' s  E a s te rn  Shore C o a s ta l  
P l a i n ,  Mixon and Powers (1985) d e s c r ib e  a  m ass ive  to  f a i n t l y  
c ro ssb e d d e d ,  s l i g h t l y  c la y e y  and s i l t y  sand t h a t  may r e p r e s e n t  
d e p o s i t i o n  in  an open b a y .  The d e s c r i p t i o n  o f  th e  muddy sand member 
i s  s i m i l a r  to  th e  mixed f l a t  d e p o s i t  o f  Reineck and Singh (1 9 8 0 ) .
They d e f i n e  mixed f l a t s  as th o s e  zones where sed im en ts  a r e  d ep o s i te d  
in  t r a n s i t i o n  betw een muddy i n t e r t i d a l  f l a tB  n e a r  th e  h ig h  w a te r l in e  
and sandy  i n t e r t i d a l  f l a t s  n e a r  th e  low w a t e r l i n e .  S im i la r  
s ed im en ta ry  s t r u c t u r e s  and sed im en t ty p e  may a l s o  b e  found in  the  
s u b t i d a l  environm ent (Reineck and Singh 1980, F ig u re  5 12 ) .  T h e re fo re  
the  e x a c t  l o c a t io n  o f  t h i s  d e p o s i t  w i th  r e s p e c t  to  s e a  l e v e l  i s  n o t  
w e l l  d e f i n e d .  However, bo x co res  ta k en  in  90 to  150 cm (MSL) o f  w a te r  
in  a m o d e ra te ly  open b a c k b a r r i e r  environm ent j u s t  seaward o f  the  
s o u th e rn  t i p  o f  Mockhorn I s la n d  (F ig u re  2) p e n e t r a t e d  sed im ents  
d e s c r ib e d  above (T ab le  2 ) .  Thus th e  open lag o o n , o f  t h i s  s tu d y ,  i s  
n o t  i n t e r t i d a l  b u t  r e f l e c t s  a sh a llo w  s u b t i d a l  env ironm en t.
Sediments from th e  open lagoon d e p o s i t i o n a l  en v ironm en t,  so  common a t
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d e p th ,  p ro b ab ly  aggraded in  a v a s t  s u b t i d a l  zone a t  h ig h e r  energy  
l e v e l s .  Inc luded  in  t h i s  d e p o s i t i o n a l  environm ent a r e  th o se  sed im ents  
d e p o s i te d  as  a c t i v e  ch an n e l f i l l .
Except f o r  the dw arf  clam ( M u lin ia  l a t e r a l i s )  . few organism s a re  
found in  th e  f i n e  sand member. These sands a r e  a l s o  b a r r e n  o f  
f o r a m i n i f e r s ; p ro b ab ly  a r e f l e c t i o n  o f  e i t h e r  h ig h  wave o r  c u r r e n t  
en e rg y .  0 y 6 te r  s h e l l s  a r e  found l o c a l l y  in  th e  muddy sand member. 
C a lca reous  f o r a m in i f e r s  and o s t r a c o d e s  a r e  a l s o  p r e s e n t  t h e r e  (T ab les  
€ and 7 ) .  Organic m a t t e r  ran g es  from 3 to  8 X and 1 to  2 % f o r  the  
muddy sand and f in e  sand members, r e s p e c t i v e l y .  Heavy m in e ra ls  a re  
n o t  v e ry  abundan t (T a b le  1 3 ) ,  o f  th o s e  p r e s e n t ,  th e  h o rn b le n d e /  
g a r n e t / e p i d o te  assem blage i s  most common (T a b le s  8 and 1 2 ) .  The muddy 
sands c o n t a in  much c h l o r i t e  w h i le  th e  f i n e  sands a re  en r ich ed  in  
s t a u r o l i t e  (T ab le s  9 and 1 3 ) .  H ica  and g la u c o n i t e  a r e  p r e s e n t  (T ab le  
1 2 ) ,  th e  fo rm er in  l e s s e r  numbers th a n  o t h e r  b a c k b a r r i e r  d e p o s i t s  due 
to  th e  h ig h e r  wave and t i d a l  c u r r e n t  en e rg y .
4 .  S h e l t e r e d  (Low Energy) Lagoon: A subaqueous m os tly  muddy d e p o s i t
from a  s h e l t e r e d  lagoon environm ent i s  reco g n ized  in  th e  Holocene 
s t r a t i g r a p h i c  s e c t i o n .  The sed im en t i s  g e n e r a l l y  m a ss iv e ,  m odera te ly  
b io t u r b a te d  and f in e  g ra in e d  w i th  an average  s a n d /  s i l t / c l a y  p e rc e n t  
o f  2 0 ,  48 and 3 2 ,  r e s p e c t i v e l y .  The sand f r a c t i o n  i s  o f t e n  too  sm all 
to  an a ly ze  w i th  the  ra p id  sed im ent a n a ly z e r  (T a b le  3 ) .  Some sand 
lam inae and s h e l l  m a t e r i a l  a r e  reco g n ized  w i th  X - ra d io g ra p h s . P la n t  
re m a in s ,  b o th  as la rg e  s o l i t a r y  p ie c e s  and a l lo c h th o n o u s  p l a n t  
d e t r i t u s  on bedd ing  p l a n e s ,  a r e  common. C a lc a re o u s  f o r a m in i f e r s
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(T a b le  6 ) ,  two s p e c ie s  o f  o s tra c o d e s  (T a b le  7 ) ,  g l a u c o n i t e ,  and mica 
(T a b le  12) a r e  p r e s e n t .  The m a jo r i ty  o f  t h i s  d e p o s i t  i s  b e l ie v e d  to  
be d e p o s i te d  from su sp e n s io n .  Flow v e l o c i t i e s  a r e ,  in  most c a s e s ,  
p ro b a b ly  n o t  g r e a t  enough to  produce b ed fo rm s .  Sand s t r i n g e r s  a re  
i n t e r p r e t e d  to  have been d e p o s i te d  d u r in g  s to rm  e v e n t s .
Sediment o f  t h i s  type  i s  n o t  p r e s e n t  in  a l l  c o r e s  b u t  can  be as 
g r e a t  as 3 .0  m t h i c k .  I t  may accum ula te  as  i n a c t i v e  ch an n e l  f i l l  o r  
i n  s h e l t e r e d  b a c k b a r r i e r  b a y s .  L o c a l ly ,  t h i s  d e p o s i t  i s  p r e s e n t  a t  
th e  b a s a l  H olocene, p ro b ab ly  in  to p o g rap h ic  lows o f  th e  P l e i s to c e n e  
s u r f a c e .
5 .  T ra n s g re s s iv e  Lag: The t r a n s g r e s s i v e  la g  i s  a d e p o s i t  t h a t  forms
on an e r o s io n a l  s u r f a c e  and i s  the  p ro d u c t  o f  a m arine  t r a n s g r e s s i o n .  
T ra n s g re s s iv e  la g  d e p o s i t s  a r e  d e s c r ib e d  by  S w if t  (1 9 7 5 , 1976) as the  
p ro d u c t  o f  s h o r e l i n e  r e t r e a t  a long  r e t r o g r a d i n g  c o a s t l i n e s  (Moslow, 
19 8 0 ) .  In  a d d i t i o n ,  r i s i n g  lag o o n a l  w a te r s  in u n d a te  p r e —Holocene 
f e a t u r e s  and may cau se  d e p o s i t i o n  o f  a  s u r f i c i a l  sand a n d /o r  s h e l l  la g  
landward o f  th e  Holocene b a r r i e r  i s l a n d .  T h e re fo re ,  t r a n s g r e s s iv e  
la g  d e p o s i t s  a r e  d is c o n t in u o u s  b u t  shou ld  b e  p r e s e n t  l o c a l l y  between 
p re -H o lo cen e  and b a c k b a r r i e r  Holocene d e p o s i t s .
T ra n s g re s s iv e  la g  d e p o s i t s  a re  0 .2  to  0 .5  m th i c k  and a re  b e s t  
p re s e rv e d  in  c o re s  o f  t r a n s e c t  B-B ' (F ig u r e  6 ,  Appendix 1 ) .  They a r e  
m o s t ly  c o a r s e  sand to  g r a v e l  (T ab le  3 ) ;  s h e l l  m a te r i a l  i s  a l s o  p r e s e n t  
in  th e  la g  o f  c o re  7-5  (F ig u re  1 9 ) .  T h is  s h e l l  m a t e r i a l  i s  n o t  in 
p l a c e  and th u s  i s  n o t  a r e l i a b l e  m a t e r i a l  f o r  ca rbon -14  d a t i n g .
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6 .  B a c k b a r r ie r  Beach: B a c k b a r r ie r  sand beaches a r e  lo c a te d  as  p a r t  o f
th e  e a s t e r n  o r  w e s te rn  (m ain land)  Bhore o f  Hagothy Bay ( F ig u r e  2 ) .
The form er a r e  m o s t ly  found in  th e  n o r th e r n  p a r t  o f  th e  s tu d y  a r e a
where Hockhorn I s la n d  i s  s e p a ra te d  from Hagothy Bay by Holocene marsh*
These beaches  r e s t  upon th e  Holocene marsh and a r e  a p p a re n t ly  
m ig ra t in g  e a s t  toward Hockhorn I s l a n d  in  re sp o n se  t o  s e a - l e v e l  r i s e .  
B a c k b a r r ie r  b each es  f r i n g i n g  th e  mainland a r e  abou t 0 .5  m th i c k  and 
r e s t  upon e i t h e r  Holocene t i d a l  f l a t  sed im ents  a p p ro x im a te ly  1 .5  m 
th ic k  o r  an o l d e r  s o i l  h o r iz o n ;  below  t h i s  a r e  P l e i s t o c e n e  sands ( e . g .  
c o re  6 - 6 ,  Appendix 1 ) .
Sed im entary  s t r u c t u r e s  a re  r a r e  in  beaches  on th e  e a s t e r n  sh o re  
o f  Hagothy Bay. H ain land  b a c k b a r r i e r  beaches  sometimes e x h i b i t  
h o r i z o n t a l  p l a n a r  bedd ing*  however* marsh grow th u s u a l l y  d i s t u r b s  
t h i s .  H ic ro fa u n a  and heavy m in e ra ls  assem blages a r e  n o t  inc luded  
becau se  few sam ples have been  a n a ly z e d .  H a lf  s h e l l s  o f  m o llusks  a re  
found on th e  s u r f a c e .
B a c k b a r r ie r  beaches  on the  mainland s i d e  o f  l a r g e  b a c k b a r r i e r  
bays have p r e v io u s l y  been  i d e n t i f i e d  by K r a f t  (1 9 7 1 ) .  B a c k b a r r ie r  
beaches  from t h i s  s tu d y  a r e  composed p r im a r i ly  o f  reworked P le i s to c e n e  
sands w i th  an av e rag e  g r a i n  s i z e  and s ta n d a rd  d e v i a t i o n  o f  1 .50  §  and
0 .69  (^ * r e s p e c t i v e l y  (5  sam ples) (T ab le  3 ) .  H arshes  a re  growing 
as ide*  and* in  some p la c e s *  enc roach ing  upon the  b a c k b a r r i e r  b e a c h e s .
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Summary
The s t r a t i g r a p h i c  sequence o f  s ed im en ta ry  u n i t s  from bo ttom  
( o l d e s t )  to  top (y o u n g es t)  a r e  th e  Yorktown F o rm a t io n ,  th e  low er u n i t  
o f  th e  Wachapreague F o rm a t io n ,  l a t e s t  P le i s t o c e n e  b a r r i e r  i s la n d  
d e p o s i t s  o f  th e  Hockhorn fo rm a t io n ,  and Holocene b a r r i e r  i s la n d  
d e p o s i t s .  The l a t t e r  two u n i t s  a r e  sampled in  t h i s  s tu d y .  From th e  
d e s c r i p t i o n s  g iv e n  above, d i s t i n c t  f a c i e s  and d e p o s i t i o n a l  
environm ents  a r e  i n t e r p r e t e d  from th e s e  two u n i t s .  The s t r a t i g r a p h i c  
p o s i t i o n  o f  th e s e  d e p o s i t s  i s  shown i n  F ig u re  9 and d e s c r ib e d  in  T ab le  
15.
Depending upon th e  l o c a l i t y ,  th e  Holocene b a r r i e r  d e p o s i t s  a re  
g e n e r a l ly  capped e i t h e r  by s h o r e f a c e  over b a c k b a r r i e r  d e p o s i t s ,  
b a r r i e r  b each  over  m arsh , o r  marsh o v er  t i d a l  f l a t .  Below th e s e  
d e p o s i t s  b a c k b a r r i e r  sed im en ts  u s u a l l y  c o a r s e n  downward as th e  
environm ent becomes more a c t i v e .  An e x c e p t io n  a r e  s h e l t e r e d  ( low  
energy) la g o o n a l  d e p o s i t s  formed i n  i n a c t i v e  c h a n n e ls ,  s h e l t e r e d  
b a c k b a r r i e r  b a y s ,  o r  to pog raph ic  lows o f  th e  P l e i s t o c e n e  s u r f a c e .  The 
c o n ta c t  betw een Holocene and ,  s t r a t i g r a p h i c a l l y  lo w er ,  l a t e s t  
P le i s t o c e n e  d e p o s i t s  (Hockhorn fo rm atio n )  may b e  marked by a 
d i s t i n c t i v e  t r a n s g r e s s i v e  lag  b u t  in  most p la c e s  th e  c o n t a c t  i s  
s u b t l e .  F o r  exam ple, mainland Holocene beach  and m arsh g rade  in t o  
P l e i s t o c e n e  s a n d s .  Some reworked P l e i s t o c e n e  p eb b le s  a re  found w ith  
th e  lower Holocene sed im en ts  and h e lp  d i s t i n g u i s h  th e  c o n t a c t .  The 
l a t e s t  P l e i s t o c e n e  d e p o s i t s  a r e  b e s t  recogn ized  on and below Hockhorn 
I s l a n d .  These d e p o s i t s  a r e  i n t e r p r e t e d  as b a r r i e r  b each  over lagoon .
Away from Hockhorn I s l a n d ,  l a t e s t  P l e i s t o c e n e  sands  a r e  b u r i e d  by 
Holocene b a c k b a r r i e r  s e d im e n ts .
results of sample analyses
M icrofauna  and M ic ro f lo r a  
F o ra m in i fe ra
S p e c i f i c  f o r a m in i f e r a  a r e  i n d i c a t i v e  o f  th e  env ironm ent o f  
d e p o s i t i o n .  The f o r a m i n i f e r a l  s p e c ie s  o c c u r r in g  i n  b a r r i e r  and 
b a c k b a r r i e r  c o r e  samples a r e  l i s t e d  in  Table 5 .  The s p e c ie s  p r e s e n t  
and th e  r e l a t i v e l y  low s p e c ie s  d i v e r s i t y  a r e  c h a r a c t e r i s t i c  o f  a 
m a rg in a l  m arine  en v iro n m en t.  They a r e  thus  c o n s i s t e n t  w i th  th e  
environm ent in  which they  a r e  found. There a r e  no e x o t ic  o r  e x t i n c t  
s p e c ie s  w hich m ight s e rv e  as  n a t u r a l  t r a c e r s .  T h is  s u g g e s ts  t h a t  most 
o f  th e  b a c k b a r r i e r  sed im en ts  p e n e t r a t e d  by th e  c o r e s  were p ro b a b ly  
d e p o s i te d  u n d e r  r e l a t i v e l y  u n ifo rm  env ironm en ta l  c o n d i t i o n s .
Two d i s t i n c t  assem blages  a r e  p r e s e n t .  The most common i s  the  
c a lc a r e o u s  assem blage which o cc u rs  in  subaqueous f i n e  sands and sandy 
muds. The o th e r  i s  an a g g lu t in a te d  assem blage w hich i s  c h a r a c t e r i s t i c  
o f  a low er s a l i n i t y .  The l a t t e r  assem blage i s  found in  o n ly  s e v e r a l  
Samples, a lm os t a l l  o f  which a r e  from s u r f a c e  o r  n e a r  s u r f a c e  marsh 
sed im ents  (T ab le  6 ) .  Most P le i s t o c e n e 's e d im e n t s ,  and open lagoon 
Holocene sed im en ts  t h a t  a r e  p a r t i c u l a r l y  sandy ,  c o n t a in  no 
f o r a m i n i f e r a .  This  i s  a t t r i b u t e d  to :  1) th e  d e p o s i t i o n a l  environm ent 
b e in g  u n s u i t a b l e  f o r  a d a p ta t i o n  o r  2) d e s t r u c t i o n  o f  th e  t e s t s  by 
le a c h in g .
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Three P l e i s t o c e n e  sand samples from Mockhorn I s la n d  and th r e e  
from th e  u n d e r ly in g  mud f a c i e s  c o n ta in  m ostly  c a lc a r e o u s  fo r a m in i f e r a  
(T ab le  6 ) .  However, th e  f o r a m in i f e r a  found in  th e  sand samples may be 
from su bsequen t Holocene overw ash . D e s p i te  th e  l im ite d  f requency  o f  
o c c u r re n c e ,  th e  number and ty p e  o f  f o r a m in i f e r s  in  th e  P le i s t o c e n e  
muds ( E lphidium  s p . )  a r e  much l i k e  th o se  found in  Holocene b a c k b a r r i e r  
s e d im e n ts .  I n  a d d i t i o n ,  s e v e r a l  c o re s  ( e . g . ,  M-8) c o n ta in  abundant 
d i n o f l a g e l l a t e  c y s t s  t h a t  a l s o  p o r t r a y  m arg ina l m arine c o n d i t i o n s .
The s i m i l a r  f o r a m in i f e r s  a long  w ith  s i m i l a r i t i e s  in  l i t h o lo g y  and 
s t r a t i g r a p h i c  sequence i n d i c a t e  analogous environm ents  o f  d e p o s i t i o n ,
i . e ,  b a c k b a r r i e r .
O stracodes
O stracodes  a re  a l s o  u s e f u l  f o r  c h a r a c t e r i z i n g  d e p o s i t i o n a l  
e n v iro n m en ts .  However, o n ly  f o u r  samples were analyzed  f o r  abundance 
and i d e n t i f i c a t i o n  and one , a  P l e i s t o c e n e  sam ple , c o n ta in e d  no 
o s t r a c o d e s  (T ab le  7 ) .  The o t h e r  th r e e  samples a re  from c o re  6 -1 .
Samples from 300 cm and 745 cm c o n ta in  s p a r s e  assem blages ;  th e  form er 
i n d i c a t i v e  o f  e s t u a r i n e  la g o o n a l  env ironm en ts ,  th e  l a t t e r  p o s s ib ly  
s l i g h t l y  more m a r in e .  The s h a l lo w e r  sample i s  dominated by C v p r id e is  
m exicana . a  s p e c ie s  i n d i c a t i v e  o f  b r a c k i s h  w a te r  l a g o o n a l / t i d a l  f l a t  
en v iro n m en ts .  Based on th e  l i t h o l o g y ,  th e se  two samples a re  from 
t i d a l  f l a t  and s h e l t e r e d  lagoon env ironm ents ,  r e s p e c t i v e l y .  Thus the  
o s t ra c o d e s  found a r e  c o n s i s t e n t  w ith  th e  suggested  environm ents o f  
d e p o s i t i o n .
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The sample from 400 cm y ie ld e d  a d i v e r s e  assem blage t h a t  in c lu d e s  
b a c k b a r r i e r  and s h a l lo w  m arine  s p e c i e s .  This  s i g n i f i e s  a  t r a n s i t i o n a l  
r eg io n  betw een la g o o n a l  and in n e r  s u b l i t t o r a l  env ironm ents  where d e a th  
assem blages such as  th e s e  commonly o c c u r .  An open lagoon d e p o s i t i o n a l  
environm ent i s  i n t e r p r e t e d  f o r  t h i s  sam ple . I t ' s  c h a r a c t e r i z a t i o n  as 
a more open , u n r e s t r i c t e d ,  and s u b t i d a l  environm ent i s  su p p o r ted  by 
the  o s t r a c o d e s  o f  t h i s  sample.
Two r e l a t i v e l y  c r y o p h i l i c ,  mild tem p era te  s p e c i e s ,  B ensonocv there  
mexicana and Loxocone ha s p e r a t a . s i g n i f y  summer w e a th e r  te m p e ra tu re s
no h ig h e r  than  25^C , whereas more th e rm o p h i l ic  s p e c i e s ,  C v t h e r u r a  
f o n x l a t a ,  P ro teo co n ch a  n e l s o n e n s i s . Loxoconeha m a ta g o rd e n s i s . 
L ep to cy th e re  n ik r a v e s h a e  i n d i c a t e  w in te r  w a te r  te m p e ra tu re s  above 5 .0
to  7 .5^C . This te m p e ra tu re  regim e i s  q u i t e  s i m i l a r  to  th e  l o c a l  
modern i n t e r g l a c i a l  s i t u a t i o n  and i n d i c a t e s  t h a t  modem ave rage  
c l im a t i c  te m p e ra tu re s  had appeared by th e  time th e s e  sed im en ts  were 
d e p o s i te d *
P o l le n
P o l le n  assenfclages p ro v id e  c l im a t i c  in fo rm a t io n  from P le i s t o c e n e  
b a c k b a r r i e r  sed im en ts  a s s o c ia te d  w ith  Mockhorn I s l a n d .  P o l l e n  
a n a ly s i s  o f  C-14 d a te d  mid-W iseonsinan p e a ty  c l a y s  and 
s t r a t i g r a p h i c a l l y  a d j a c e n t  muddy samples a r e  dom inated  by PinuB (2 5 —
50%), P ic e a  (2-26% ), Gramineae (4-34% ), Alnus (1 .5 -6 % ),  and B e tu la  
( trace-5% ) (F ig u re  8 ) .  Among o th e r  m ajor a r b o r e a l  and n o n a rb o re a l  
tax a  a r e  Ouercus (2 -8 % ),  Cyperaceae (2-12% ), and Compositae (2-8% ). 
Sphagnum dom inates t h e  w etland  and a q u a t ic  ta x a  o f  most sam p les .
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C lo se  m atches f o r  th o s e  p o l l e n  assem blages from p u b lish e d  modem 
s u r f a c e  s p e c t r a  a r e  n o t  a v a i l a b l e .  The c l o s e s t  ana logues  a re  from the  
mixed con ife rous-ha rdw ood  f o r e s t s  o f  M ich igan , M in n eso ta ,  and New 
England (W hitehead , 1 9 8 1 ) .  However, th e  p e rc e n ta g e  o f  P ic e a  in  many 
samples ( e . g . ,  6 - 5 ,  M-8) (F ig u re  8) exceeds th o se  o f  modern s u r f a c e  
sam pling from th e s e  a r e a s .  Whitehead (1981) n o te s  t h a t  th e  lack  o f  
modern ana logues  p ro b a b ly  r e f l e c t s  in a d eq u a te  sam pling o f  modem 
v e g e ta t i o n  a s s o c i a t i o n s .  N e v e r th e le s s ,  the  p o s s i b i l i t y  e x i s t s  t h a t  
com parable env ironm ents  ( i . e . ,  l a r g e  a re a s  so u th  o f  i c e  m argins) to  
th e se  assem blages no lo n g e r  o c c u r .
C o r r e l a t i v e s  o f  th e s e  assem blages among o th e r  m id-W isconsinan 
f o s s i l  f l o r a  from th e  M iddle  A t l a n t i c  r e g io n  a r e  more c l e a r .  The 
c l o s e s t  a f f i n i t i e s  a r e  from d a ted  p e a ty  sands o f  th e  Parsonburg  
F orm ation  o f  th e  c e n t r a l  Delmarva P e n in s u la  ( S i r k i n  e t  a l . ,  1977 ) .
These s p e c t r a  c o n ta in  com parable  p e rc e n ta g e s  o f  P i c e a . P i n u s . B e t a l a . 
and Sphagnum. M id-W isconsinan s p e c t r a  r e p o r te d  by Whitehead (1981) 
f o r  Rockyhock Bay, N orth  C a r o l in a ,  a r e  a l s o  v e ry  s i m i l a r  in  th e  types  
and p e rc e n ta g e s  r e p r e s e n t e d .  I n  a d d i t i o n ,  th e  undated  u p p e r  s e c t i o n  
o f  th e  Wachapreague F o rm ation  shows a s i m i l a r  a ssem blage .
S ize  measurements o f  sp ru ce  and p in e  g r a in s  (B irk s  and P e g l a r ,
1980) and i n d i c a t o r  p o l l e n  ta x a  su g g e s t  the  r e g io n a l  v e g e t a t i o n  o f  the  
Mockhorn a r e a  between c a .  34 ,000 -  23,000 y e a r s  B .P ,  ap p ea rs  to  have 
been  m ain ly  a b o r e a l  assem blage r e p re s e n te d  by b o th  w h i te  sp ruce  
(P icea  g lavca)  and b la c k  sp ru ce  (P ic e a  m a r ia n a ) , ja ck  p in e  (P inus  
b a n k s i a n a ) . f i r ,  w i th  an u n d e r s to ry  o f  e r i c a d s ,  c o m p o s i te s ,  dw arf 
b i r c h  ( B e tu la  c f .  g la n d u lo s a )  , and such  n o r th e r n  h e rb s  as  T h a l ic t ru m
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and Lvc opod ium anno t i n  in. However, w h ile  c l i m a t i c  c o n d i t i o n s  were 
p ro b a b ly  c o o l  and m o i s t ,  th e  p r e s e n c e  o f  a  s i g n i f i c a n t  d e c id u o u s  
e lem en t ( e . g . ,  O uercus) i n  th e  a r b o r e a l  s p e c t r a ,  s u g g e s t s  a  more 
i n t e r s t a d i a l ,  r a t h e r  th a n  f u l l - g l a c i a l ,  c h a r a c t e r  t o  th e  r e g i o n a l  
c l i m a t e .  W hitehead (1981) has  su g g e s te d  t h a t  th e  c h r o n o l o g i c a l l y -  
e q u i v a l e n t  p o l l e n  assem blage  zone from Rockyhock Bay, N orth  C a r o l in a ,
re c o rd  an av e ra g e  te m p e ra tu re  ab o u t 10^ low er th a n  p r e s e n t .
E x te n s iv e  f r e s h w a te r  bogs and m arshes dom inated  by S p h ag n u m  and 
sedges  and p e rh ap s  f r i n g e d  by  e r i c a d s ,  a l d e r ,  and o t h e r  sh rubs  ap p ea r  
to  have c h a r a c t e r i z e d  m ica o f  th e  a r e a  p r i o r  to  a b o u t  29 ,000 y e a r s  
B .P .  L o c a l ly ,  em ergen t a q u a t i c s  such  Potam ogeton and Tvpha a l s o  
o c c u r r e d .  A f t e r  c a .  29 ,000  y e a r s  B . P . ,  th e  d e c l i n e  o f  th e s e  t a x a  in  
s t r a t i g r a p h i c a l l y  y ounger  b a c k b a r r i e r  samples i n  s e v e r a l  c o r e s  ( e . g . ,  
M-8, 6 - 5 ) ,  and th e  r i s e  o f  Gramineae imply re p la c e m e n t  o f  ,th e s e  bogs 
and f r e s h  m arshes by  g r a s s y  (p ro b a b ly  S p a r t i n a  s p p . ) ,  h ig h e r  s a l i n i t y  
m a rsh es .  T h is  s h i f t  to  h ig h e r  s a l i n i t y  c o n d i t i o n s  i s  c o r r o b o r a t e d  by 
th e  s im u l ta n e o u s  a p p e a ra n c e  in  th e s e  sam ples o f  d i n o f l a g e l l a t e  c y s t s .  
A lthough d i n o f l a g e l l a t e s  a r e  n o t  s t r i c t l y  m arine  i n  o c c u r r e n c e ,  t h e i r  
p re s e n c e  i n  p o l l e n  sam ples  from modern f r e s h  and low b r a c k i s h  marshes 
o f  th e  n e a rb y  Chesapeake Bay i s  r a r e  (M .S. K ea rn ey ,  w r i t t e n  
co m m u n ica tio n ) .
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ttLofixfllogy.
P o s s i b l e  v a r i a t i o n s  i n  s o u rc e  and t r a n s p o r t  p r o p e r t i e s  o f  
sed im en t from th e  b a r r i e r  i s l a n d  complex may be  examined u s in g  
m i n e r a lo g i c a l  a n a l y s e s .  I n  a d d i t i o n ,  th e  env ironm ent o f  d e p o s i t i o n ,  
i n  Borne c a s e s ,  may b e  b e t t e r  d e f i n e d .  F o r  exam ple , w e l l  rounded heavy 
m in e ra ls  from  Mockhora I s l a n d  b each  sands i n d i c a t e  a wave dom inated 
en v iro n m en t.
Sm ith  I s l a n d  b a r r i e r  b e a c h  sands  e x h i b i t  a p r im a ry  h o rn b le n d e /  
g a m e t / e p i d o t e  assem blage  o f  heavy m in e ra ls  (T a b le s  8 ,  1 3 ) .  F requency  
d i f f e r e n c e s  i n  th e  b a r r i e r  sam ples a r e  v e ry  l i k e l y  r e l a t e d  to  
t r a n s p o r t  and d e p o s i t i o n a l  f a c t o r s .  M u l t i p le  sam ples  show t h a t  
r e l a t i v e l y  l a r g e  changes  in  d i s t r i b u t i o n  o f  m in e ra l  s p e c ie s  c a n  o ccu r  
i n  sam ples a  few m e te rs  a p a r t .  As e x p e c te d ,  heavy m in e ra l s  a r e  
r e l a t i v e l y  abundan t i n  th e  b a r r i e r  b each  env ironm en t and c o e x i s t  w i th  
q u a r tz  g r a i n s  o f  s i m i l a r  s i z e  (T a b le  1 3 ) .
Creek and b a c k b a r r i e r  sam ples show a  m o s t ly  s i m i l a r  dom inant 
m in e ra l  assem blage  (T a b le s  9 ,  1 0 ,  1 3 ) .  The w e ig h t  p e r c e n ta g e s  o f  
heavy m in e ra l s  from  c r e e k s  a r e  much g r e a t e r  th en  in  b e a c h  o r  
b a c k b a r r i e r  e n v i ro n m e n ts .  G arn e t  i s  e s p e c i a l l y  l a r g e .  A p p a re n t ly ,  
few o f  th e s e  m in e ra ls  a r e  d e p o s i t e d  in  th e  b a c k b a r r i e r  r e g io n  as  
sam ples in  t h i s  env ironm en t show a  low' f re q u e n c y  o f  heavy m in e r a l s ;  
g a r n e t  i s  a l s o  r e d u c e d .  C h l o r i t e ,  however i s  r e l a t i v e l y  ab u n d an t .
D i f f e r e n c e s  i n  heavy m in e ra l  f r e q u e n c ie s  from b a c k b a r r i e r  sam ples 
a r e  found betw een th e  v e ry  f i n e  to  f i n e  sands and th e  f i n e ,  medium and 
c o a r s e  san d s  (T a b le  9 ) .  The g e n e r a l l y  h ig h e r  h o rn b len d e  and low er
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g a r n e t  c o n t e n t  o f  th e  f i n e r  g ra in e d  samples i s  p ro b a b ly  r e l a t e d  to  the  
lower energy  t r a n s p o r t  c o n d i t io n s  in  t h i s  environm ent and n o t  
n e c e s s a r i l y  to  s o u rce  d i f f e r e n c e s .
The p r im a ry  heavy m in e ra ls  a r e  u b iq u i to u s  in  a l l  sam ples .  No 
sudden appea rances  o f  a m in e ra l  w i th  a h ig h  frequency  o r  d is a p p e a ra n c e  
o f  h o rn b le n d e ,  g a r n e t ,  o r  e p id o te  was s e e n .  To d e te rm in e  i f  heavy 
m in e ra l  f r e q u e n c ie s  a r e  c o n t r o l l e d  by th e  env ironm ent o f  d e p o s i t i o n  or 
a  change in  s o u rce  a r e a ,  J o h n s to n  (1985) analyzed  samples from c o r e s  
7-1A and 9-1A (T a b le  13) u s in g  c o n t in g en cy  t a b l e s  b ased  on c h i  sq u a re  
d i s t r i b u t i o n .  Heavy m in e ra l  f r e q u e n c ie s  were found independent o f  
l o c a t i o n .  T h is  s u p p o r ts  an i n t e r p r e t a t i o n  t h a t  th e se  f r e q u e n c ie s  a re  
c o n t r o l l e d  by  th e  environm ent o f  d e p o s i t io n  and n o t  a change in  so u rce  
a r e a .
G la u c o n i te  p e l l e t s  a re  r a r e  o r  m iss ing  in  c re e k s  d r a in in g  th e  
mainland (T a b le  1 1 ) .  I t  i s  r e l a t i v e l y  abundant on Smith I s la n d  and in  
th e  b a c k b a r r i e r  sed im en ts  (T ab le s  8 , 1 2 ) .  These p e l l e t s  a re  s i m i l a r  
to  q u a r tz  in  s p e c i f i c  g r a v i t y  and a r e  th u s  a p t  to  b e  t r a n s p o r te d  w ith  
q u a r tz  g r a in s  o f  e q u iv a le n t  s i z e .  I t  i s  u n l i k e l y  t h a t  th e  b u lk  o f  the  
g la u c o n i te  in  b a r r i e r  and b a c k b a r r i e r  d e p o s i t s  a r e  d e r iv e d  from 
e ro s io n  o f  th e  m ainland s u r f i c i a l  d e p o s i t s .  The most l i k e l y  so u rce  
a r e  o f f s h o r e  sed im en ts  e i t h e r  c a r r i e d  southward a long  th e  Delmarva 
c o a s t  o r  d r i f t e d  shoreward from s h e l f  d e p o s i t s .
Mica i s  i n d i c a t i v e  o f  low energy  c o n d i t io n s  and i s  found 
p r im a r i l y  in  th e  b a c k b a r r i e r  sed im en ts  (T a b le s  8 ,  1 2 ) .  Mica i s  v e ry  
e a s i l y  t r a n s p o r te d  and i t s  absence in  f i n e  to  medium sands from th e  
b a r r i e r  b each  and some open lagoons  (T ab le s  8 ,  12) may b e  a t t r i b u t e d
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to  h y d r a u l i c  f a c t o r s .  However, seaward d r a i n i n g  c r e e k s  from th e  
mainland have f i n e  g ra in e d  beds  b u t  do n o t  c o n t a i n  v e ry  much m ica 
(T a b le  1 1 ) .  The s o u rc e  o f  m ica m ust t h e r e f o r e  b e  from reworked 
P l e i s t o c e n e  sed im en ts  from th e  Mockhorn I s l a n d  b a r r i e r  (T a b le  12) and 
o f f s h o r e .
Sediment S ize
Most env ironm en ts  o f  d e p o s i t i o n  a r e  c h a r a c t e r i z e d  by  s p e c i f i c  
t e x t u r a l  p a r a m e te r s .  However, th e  p r e - e x i s t i n g  topog raphy  and 
sed im en t ty p e  may d i c t a t e  th e  g r a i n  s i z e  o f  a  s p e c i f i c  en v iro n m en t .
F o r  exam ple , Holocene m arsh and t i d a l  f l a t  d e p o s i t s  a r e  c h a r a c t e r i z e d  
by a dominance o f  mud o v e r  sand e x c e p t  where th e s e  d e p o s i t s  l i e  above 
sandy env ironm en ts  (T a b le  3 ) .
P l e i s t o c e n e  and Holocene sand d e p o s i t s  o f t e n  can  b e  d i s t i n g u i s h e d  
by t h e i r  mean g r a i n  s i z e .  Smith I s l a n d  b eac h  sands  a r e  a p p ro x im a te ly  
2 .3 0  ^ and th e  a s s o c i a t e d  w ashover sands s l i g h t l y  f i n e r  (T ab le  3 ) .  
B a c k b a r r ie r  beaches  and th e  P l e i s t o c e n e  b a r r i e r  a r e  composed o f  medium 
g ra in e d  sands t h a t  a r e  ab o u t one h a l f  p h i  s i z e  l a r g e r .  Sand f r a c t i o n s  
from Holocene b a c k b a r r i e r  env ironm en ts  a r e  g e n e r a l l y  in  th e  f i n e  sand 
range  ex c e p t  when a d j a c e n t  to  th e  c o a r s e r  sands m entioned above.
B a c k b a r r ie r  env iro n m en ts  g e n e r a l l y  e x h i b i t  a f i n i n g  upward t r e n d .  
Sandy open lagoon d e p o s i t s  g ra d e  i n t o  mixed sand and mud t i d a l  f l a t s  
and a r e  capped by  m o s t ly  muddy m a rsh es .  A f i n e r  g ra in e d  s h e l t e r e d  
lagoon d e p o s i t  i s  in c lu d e d  in  some c o re s  b u t  i s  i n t e r p r e t e d  as  a 
l o c a l l y  enco u n te red  e n v iro n m en t.
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Based upon g r a i n  s i z e  m easurem ents , m ain land sh o re  sed im en ts  
( c o r e s  6 - 6 ,  7 - 9 ,  8 -7 ,  9 -6 ,  C l-1 )  a r e  more d i f f i c u l t  to  c h a r a c t e r i z e .  
H ost samples a r e  r e l a t i v e l y  c o a r s e  g ra in e d  (T a b le  3 ) .  Some d e p o s i t s  
a r e  i n t e r p r e t e d  as  P l e i s t o c e n e  env ironm ents  ( P l e i s t o c e n e  sand f a c i e s ,  
and some as Holocene env ironm en ts  (m arsh , b a c k b a r r i e r  beach) t h a t  
c o n t a in  r e c e n t l y  reworked P l e i s t o c e n e  se d im e n ts .
P e r c e n t  T o ta l  Org an ic  M a t te r
The p e rc e n ta g e  o f  o rg an ic  m a t t e r  from c o r e  samples was measured 
to  1) d e te rm in e  t r e n d s  in  d e p o s i t i o n  o f  Holocene o rg an ic  m a t t e r  and 2) 
compare P l e i s t o c e n e  and Holocene environm ents  b e l ie v e d  to  b e  
an a lo g o u s .  As expec ted  samples w i th  n o t i c e a b l e  o rg a n ic  m a t t e r  show 
h ig h  p e rc e n ta g e s  (T a b le  4 ) .  T w en ty - th ree  muddy Holocene samples 
in c o rp o ra te d  w i th  m arsh v e g e t a t i o n  c o n ta in  an average  o f  12 .3  % 
o rg an ic  c a rb o n .  The p e rc e n ta g e  i s  g r e a t e r  n e a r  th e  s u r f a c e  and 
le s s e n s  as  m arsh v e g e t a t i o n  becomes l e s s  abundan t w i th  d e p t h .  T h is  
d a t a  i n d i c a t e s  marshes a re  more abundant today  then  in  th e  p a s t  o r  
o rg a n ic  m a t t e r  i s  consumed by o x id a t io n  w ith  t im e .
M u l t ip le  samples from Holocene c o re s  show a tren d  o f  l e s s  o rg a n ic  
m a t t e r  w i th  d e p th  (T a b le  4) (F ig u r e  2 8 ) .  T h is  p a t t e r n  p a r a l l e l s  th e  
f i n i n g  upward sequence seen  in  many c a s e s .  Very l i t t l e  o rg a n ic  m a t t e r  
i s  p r e s e n t  i n  d e e p e r  sam ples from env ironm ents  t h a t  a re  composed o f  
m o s tly  f i n e  s an d .
The P le i s t o c e n e  mud f a c i e s  i s  compared to  th e  Holocene 





























































































s i m i l a r i t i e s  be tw een  th e  tw o. The fo l lo w in g  i n d i c a t e s  a  m o s t ly  
s i m i l a r  p e r c e n ta g e  o f  t o t a l  o rg a n ic  m a t t e r  and th u s  a  p o s s i b l y  
analogous  d e p o s i t i o n a l  e n v iro n m e n t .  P l e i s t o c e n e  and Holocene muds 
c o n t a in  7 .4  and 8 .2  X  o rg a n ic  carbon*  r e s p e c t iv e l y *  T hree  P l e i s t o c e n e  
sam ples o f  mud and m acroscop ic  v e g e t a t i o n  c o n t a i n  an  av e ra g e  o f  1 0 .3  X  
o rg a n ic  m a t t e r ;  a  p e r c e n ta g e  much l i k e  t h a t  found above from Holocene 
sam ples o f  s i m i l a r  c o m p o s i t io n .  S ix  samples o f  p e a ty  c l a y  from th e  
P l e i s t o c e n e  mud f a c i e s  a r e  b e l i e v e d  to  b e  compacted s a l t  m arsh and 
ran g e  from 37 .1  to  7 .0  X o rg a n ic  c a rb o n .  Under th e  m icroscope  th e s e  
sam ples e x h i b i t  a  d e n s e  mass o f  v e g e t a t i o n .
R adiocarbon  Age D a tin g
Two g roups  o f  C-14 d a t e s  a r e  reco g n ized  i n  T ab le  1 4 .  They a r e  
c a t e g o r i z e d  by  age and in c lu d e  1) 10 P l e i s t o c e n e  d a t e s  from  e i g h t  
sam ples and 2) 16 H olocene d a t e s .  P l e i s t o c e n e  d a t e s  ra n g e  i n  age from 
23,340 to  33 ,940  y e a r s  B .P .  (T a b le  1 4 ) .  The m a t e r i a l s  d a te d  a r e  
o r g a n i c - r i c h  s e d im e n ts ,  most o f  which a r e  c o n s id e re d  p e a t s ,  from th e  
P l e i s t o c e n e  mud f a c i e s  lo c a te d  be low  Mockhorn I s l a n d .  They a r e  from a 
m arsh o r  s h a l lo w  la g o o n a l  env ironm ent and th u s  i n d i c a t e  th e  
ap p ro x im ate  p o s i t i o n  o f  s e a  l e v e l .  These d a t e s  a r e  ta k e n  from sam ples 
found in  e i g h t  c o r e s  t h a t  t r e n d  n o r th - s o u th  f o r  a p p ro x im a te ly  4 .5  km. 
Sample d e p th  r a n g e s  from 4 .5 5  to  2 .50  m below  MSL.
A l l  o f  th e  P l e i s t o c e n e  d a t e s  a r e  m id-W iseonsinan  in  age and ,  as 
su c h ,  app roach  th e  l i m i t  o f  th e  Carbon-14 m ethod. As p r e v io u s ly  
d e s c r ib e d  by o t h e r  r e s e a r c h e r s ,  d a t e s  o f  t h i s  age have been  c a l l e d
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con tam ina ted  o r  i s o t o p i c a l l y  d e a d .  However, th e  number o f  d a t e s ,  
t h e i r  r e l a t i v e l y  c l o s e  p ro x im ity  b o th  l a t e r a l l y  and v e r t i c a l l y ,  and 
t h e i r  p re s e n c e  in  one d e p o s i t  le n d s  s u p p o r t  f o r  t h e i r  c r e d i b i l i t y .
The e r r o r  b a r s  o f  r e p l i c a t e  samples do n o t  o v e r la p  (T a b le  1 4 ) .
In  a d d i t i o n ,  t h e r e  i s  an approx im ate  10,600 y e a r  ran g e  betw een th e  
o l d e s t  and yo u n g es t  d a t e s .  These f a c t s  g iv e  rea so n  f o r  c l o s e r  
s c r u t i n y  o f  th e  d a t e s .  However, i s o t o p i c a l l y  o ld  o rg a n ic  m a t e r i a l s ,  
such as  t h e s e ,  d a t e  im p re c is e ly  b eca u se  o f  minor age d i f f e r e n c e s  
w i th in  th e  d a te d  h o r iz o n s  (M. Tamers, Beta  A n a ly t i c ,  I n c . ,  p e r s o n a l  
com m unica tion).  The d a t e s  p o in t  to  a d e p o s i t  much o ld e r  th a n  Holocene 
and much younger th a n  Sangamonian. A mid-W isconsinan s e a  l e v e l  n e a r  
today^s p o s i t i o n  i s  shown on an ab ridged  l a t e  Q uate rna ry  s e a - l e v e l  
cu rv e  in  F ig u re  29 . R a th e r  than  an e x a c t  d a t e  f o r  th e  h ig h s ta n d ,  
F ig u re  29 i l l u s t r a t e s  a  10,600 y e a r  time span d u r in g  which r e l a t i v e  
s e a  l e v e l  r o s e  to  n e a r - p r e s e n t  l e v e l s  once.
Many o f  th e  Holocene d a t e s  a r e  from marsh g r a s s e s  and o y s te r  
s h e l l s .  These m a t e r i a l s  may be  used  as s e a - l e v e l  i n d i c a t o r s  as they  
a re  found in  th e  i n t e r t i d a l  and s h a l lo w  s u b t i d a l ,  r e s p e c t i v e l y .  These 
d a t e s  a r e  inc luded  in  th e  s e a - l e v e l  cu rv e  o f  F i n k e l s t e i n  and F e r la n d  
( i n  p r e s s )  f o r  th e  V i r g i n i a  b a r r i e r  i s la n d  system  (F ig u re  3 0 ) .  L i t t l e  
new s e a - l e v e l  in fo rm a t io n  f o r  th e  Holocene i s  p rov ided  by th e se  d a t e s  
as th e  d a te d  m a t e r i a l s  a r e  a l l  young and m ostly  from r e l a t i v e l y  
sh a l lo w  d e p th s .  Some o f  th e s e  m a te r i a l s  may have undergone p o s t -  
d e p o s i t i o n a l  d is p la c e m e n t .  F o r  exam ple, an o ld e r  marsh sed im ent 
sample i s  found s t r a t i g r a p h i c a l l y  above a younger s h e l l  in  c o r e  7-1 
(T a b le  1 4 ) .  The s h e l l  i s  b e l ie v e d  to  be  in  p l a c e ;  s i m i l a r  ages and
F ig u r e  2 9 .  A p roposed  l a t e  Q u a te rn a ry  s e a - l e v e l  cu rve  
from a p p ro x im a te ly  40 ,000  y e a rs  B .P .  to  th e  
p r e s e n t  i s  shown. Note th e  proposed  
s e a - l e v e l  h ig h s ta n d  a t  abou t 28 ,000  y e a r s  B .P .
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F ig u re  3 0 .  A sea  l e v e l  cu rv e  f o r  th e  s tudy  s in c e
a p p ro x im a te ly  5 ,000  y e a rs  B .P . The b a s a l  
p e a t s  and s e a - l e v e l  cu rv e  ( s o l i d  l i n e )  a r e  
from F i n k e l s t e i n  and F e r lan d  ( i n  p r e s s ) .  
Dated m a t e r i a l s  from t h i s  s tu d y  a r e  shown 
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p o s i t i o n s  a r e  found from  d a te d  s h e l l s  in  c o re s  7-1A and 7-7 (T ab le  
1 4 ) .
STRATIGRAPHY
I n t r o d u c t io n
Two su rv ey  l i n e s  w ere e s ta b l i s h e d  sh o re -n o rm a l to  Sm ith and 
Mockhorn I s la n d s  and a c ro s s  th e  a s s o c ia te d  n e a rs h o re  and b a c k b a r r i e r  
en v iro n m en ts  to  th e  m a in la n d . V ib ra c o re s  and subbo ttom  re c o rd s  ta k e n  
a lo n g  th e s e  t r a n s e c t s *  A-A" and B -B ',  p ro v id e  c r o s s - s e c t io n s  o f  th e  
re g io n  to  a d e p th  o f  a p p ro x im a te ly  10 m (F ig u re s  31* 3 2 ) .  These and 
two o th e r  c r o s s - s e c t io n s  (A -A ', C -C ') a l s o  d e s c r ib e  th e  s t r a t ig r a p h y  
o f  Mockhorn I s la n d  and th e  r e l a t i o n s h ip  betw een  th e  P le is to c e n e  and 
H olocene u n i t s  (F ig u re s  33* 3 4 ) .  In  a d d i tio n *  two c r o s s - s e c t io n s  (D - 
D ',  D-D” ) w ere c o n s tru c te d  to  exam ine th e  i n f i l l i n g  o f  an ephem eral 
i n l e t  (F ig u re s  35* 36) and one c r o s s - s e c t io n  (E -E ')  was drawn to  
d e te rm in e  th e  r e l a t i o n s h ip  betw een  P le i s to c e n e  and f r in g in g  H olocene 
m ain land  sed im en ts  (F ig u re  3 7 ) .
C o n tro ls  o f  B a r r i e r  S tr a t ig r a p h y
F lu c tu a t io n s  in  s e a - l e v e l ,  v a r i a t i o n s  in  sed im en t su p p ly , 
te c to n ic  s e t t i n g ,  and th e  p r e - e x i s t i n g  topog raphy  a r e  th e  p r in c i p a l  
f a c t o r s  t h a t  d e te rm in e  th e  s t r a t i g r a p h i c  n a tu re  o f  any b a r r i e r  
d e p o s i t io n a l  sy stem . In  a d d i tio n *  wave a n d /o r  t i d a l  p ro c e s se s  r e s u l t  
in  th e  d e p o s i t io n  o f  sed im en ts  from d i s t i n c t i v e  sed im en ta ry
129
F ig u re  3 1 . Smith-M ockhorn I s la n d  sh o re-n o rm al t r a n s e c t  A-A” .
T h is  c r o s s - s e c t io n  e x ten d s  from th e  n e a rsh o re  
zone o f  Sm ith I s la n d  to  th e  m ainland s h o r e l in e .  
N ote th e  th in  n e a rs h o re  sands and th e  g e n e ra l ly  
f in in g  upward b a c k b a r r ie r  seq u en ce . Mockhorn 
I s la n d  sands a re  much th ic k e r  than  th o se  o f  
Sm ith I s la n d  and may b e  p re s e rv e d . C-14 d a te s  
below  Mockhorn I s la n d  a rg u e  fo r  a m id-W isconsinan  











































































































































































































































F ig u re  3 4 . S h o r e - p a r a l l e l  Mockhorn I s la n d  t r a n s e c t  C -C ".
The s t r a t i g r a p h i c  sequence  o f  sed im en ts  below  
Mockhorn I s la n d  can  b e  se e n  from  t h i s  c r o s s -  
s e c t i o n .  B each san d s  s i t  above b a c k b a r r i e r  
se d im e n ts  and lo c a l ly  p r e s e n t  sand s h o a ls .  
N ote th e  m id -W iseonsinan  ages f o r  th e  d a te d  
b a c k b a r r i e r  o rg a n ic  m a t e r i a l s .
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F ig u re  3 5 . Bungalow I n l e t  s h o r e - p a r a l l e l  t r a n s e c t  D -D '.
T h is  c r o s s - s e c t io n  shows th e  i n l e t  f i l l  sed im en ts  
a s s o c ia te d  w ith  Bungalow I n l e t .  The th in n e s s  o f  
th e s e  sed im en ts  a t t e s t s  to  Bungalow I n l e t  b e in g  
a  sh a llo w  i n l e t .  Below a re  b a c k b a r r i e r  d e p o s i t s  
s e p a ra te d  by an e r o s io n a l  c o n ta c t .
F ig u re  3 6 . Bungalow I n l e t  sh o re -n o rm a l t r a n s e c t  D-D".
Along w ith  i n l e t  f i l l  sed im en ts  a re  two 
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F ig u re  37 . T ra n se c t E -E ' in c lu d e s  th o se  c o re s  tak en
a d ja c e n t to  M il l  C reek . T h is c r o s s - s e c t io n  
shows th e  r e l a t io n s h ip  betw een  Rolocene and 
P le i s to c e n e  en v iro n m en ts . The rav inem en t 
s u r fa c e  betw een  Holocene and P le is to c e n e  
sed im en ts  i s  s te e p  a t  th e  m ainland s h o re l in e  
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env ironm ents o f  v a r ia b le  p r e s e r v a t io n a l  p o t e n t i a l  ( e . g .  i n l e t  
d e p o s i t s ,  t i d a l  d e l t a s ,  w ashover f a n s ) .  The r e l a t i v e  im portance o f  
th e s e  c o n t r o l l i n g  f a c to r s  can  v a ry  g r e a t ly  from one b a r r i e r  s h o re l in e  
to  th e  n e x t (M oslow, 1 9 8 0 ). N e v e r th e le s s ,  th e  u l t im a te  p re se rv e d  
s t r a t i g r a p h ic  sequence and f a c ie s  p a t te r n  i s  c o n t ro l le d  by th e  r a t e  o f  
n e t  d e p o s i t io n /e ro s io n  and i t s  in t e r a c t io n  w ith  r e l a t i v e  s e a - le v e l  
change th ro u g h  tim e ( F is h e r ,  1961; C u rray , 1964 ). F o r exam ple, an 
in c re a s in g  sed im en t su p p ly  w ith  a  s ta b l e  o r  even s lo w ly  r i s i n g  
r e l a t i v e  s e a  l e v e l  r e s u l t s  in  seaw ard p ro g ra d a tio n  o f  th e  b a r r i e r ,  
i . e . ,  a  m arine  r e g r e s s io n .  The e a r ly  to  mid Rolocene e u s t a t i c  and 
l a t e  H olocene r e l a t i v e  r i s e  in  s e a  le v e l  (F ig u re  30) along  w ith  an 
i n s u f f i c i e n t  sed im en t su p p ly  has  r e s u l te d  in  a m arine  t r a n s g re s s io n  
and landw ard r e t r e a t  o f  th e  V irg in ia  b a r r i e r  i s la n d s .  Thus, th e  Smith 
I s la n d  b a r r i e r  sy stem  e x h ib i t s  a t r a n s g r e s s iv e  s t r a t i g r a p h ic  seq u en ce .
S im ila r  f a c to r s  d e te rm in e  th e  f a c ie s  r e la t io n s h ip s  o f  o ld e r  
b a r r i e r  d e p o s i t s .  P re v io u s  l a t e  P le is to c e n e  m arine  t r a n s g r e s s io n s  a re  
reco g n ized  from  t r a n s g r e s s iv e  b a r r i e r  sequences from th e  D elaw are 
(D em arest e t  a l * ,  1981) and s o u th e a s te rn  V irg in ia  c o a s ta l  p l a in  
(P e e b le s ,  1 9 8 4 ). L ik ew ise , Mockhorn Is la n d  e x h ib i t s  a t r a n s g r e s s iv e  
b a r r i e r  s t r a t i g r a p h y .  W hile sed im en t a v a i l a b i l i t y  and se a —le v e l  r i s e  
may i n t e r a c t  to  d e te rm in e  th e  n a tu re  o f  an in d iv id u a l  b a r r i e r  sy stem , 
th e  r e l a t i v e  p o s i t i o n  and f a c ie s  r e la t io n s h ip  betw een Holocene and 
l a t e  P le i s to c e n e  b a r r i e r s  may b e  a fu n c tio n  o f  n e o te c to n ism . P o s t -  
d e p o s i t io n a l  movement, o c c u r r in g  along  p a s s iv e  m a rg in s , i s  a mechanism 
f o r  v e r t i c a l l y  r e p o s i t io n in g  P le is to c e n e  b a r r i e r  sy stem s . T h e re fo re  
th i s  d isp la c e m e n t p a r t i a l l y  c o n t ro l s  th e  r e s u l t in g  p r e s e r v a t io n  o f
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v e r t i c a l  sequences and f a c ie s  p a t t e r n s  a f t e r  a su b seq u en t (H olocene) 
m arine t r a n s g r e s s io n .
P le is to c e n e  S tra t ig ra p h y  
Mockhorn Is la n d
The s t r a t i g r a p h i c  r e l a t i o n s  betw een th e  Holocene b a c k b a r r ie r  and 
P le is to c e n e  b a r r i e r  sed im en ts  a r e  shown in  t r a n s e c t s  A -A ' A-A", B -B ', 
and C -C ' (F ig u re s  3 1 -3 4 ) .  Mockhorn Is la n d  i s  composed o f  P le is to c e n e  
sand b u t  H olocene m arsh  and t i d a l  f l a t  encro ach  o n to  th e  i s l a n d , 
p a r t i c u l a r l y  on i t s  e a s te r n  sh o re  (F ig u re  5 ) .  J u s t  e a s t  o f  Mockhorn 
I s la n d  and su rrounded  b y  H olocene m arshes (m o s tly  S . a l t e r n i f l o r a )  a re  
mounds, ap p ro x im a te ly  5 to  10 m long  and 2 to  5 m w id e , composed o f 
c o a rs e  sand and s u p p o r tin g  h ig h  m arsh v e g e ta t io n  (F ig u re  3 2 ) .  These 
f e a tu r e s  may owe t h e i r  o r ig in  to  a m arine r e g r e s s io n  fo llo w in g  th e  
em placement o f  Mockhorn I s la n d .
The v ib ra c o re  and se ism ic  subbottom  d a ta  show th a t  Mockhorn 
Is la n d  i s  p a r t  o f  a c o n tin u o u s  sand s h e e t ,  a t  l e a s t  3 .5  m th i c k ,  
ex ten d in g  o v e r fo u r  km (F ig u re  3 3 ) .  These sands g r a d u a l ly  d ip  seaward 
b e n e a th  confo rm ab ly  and d isco n fo rm a b ly  o v e r ly in g  modern b a c k b a r r ie r  
t i d a l  f l a t ,  lag o o n , and m arsh d e p o s i t s .  The P le is to c e n e  s u r fa c e  i s  
p a r t i a l l y  s c o u re d , p resum ab ly  by f l u v i a l  p ro c e s s e s  d u r in g  m arine 
low stand (F ig u re  2 0 ) .  Toward th e  m a in lan d , they  a r e  o v e r la in  by a 
sequence o f  open lagoon  sandy d e p o s i t s  (F ig u re  3 8 ) .  P le is to c e n e  
lag o o n a l sed im en ts  l i e  d isco n fo rm ab ly  below  Holocene b a c k b a r r ie r  
sed im en ts  in  n e a rs h o re  coreB  6D and 6E o f t r a n s e c t  A-A" a t  6 .3  and 7 .5
F ig u re  3 8 . Photom osaic o f  c o re  MB-2 from Magothy Bay ( s e e  
F ig u re  6 f o r  lo c a t io n ) .  The i n f i l l i n g  o f  
Magothy Bay i s  reco g n ized  from  th e  b io tu rb a te d  
H olocene mud and sand in  th e  up p er 250 cm. Below 
th e s e  muds a r e  P le is to c e n e  sands a s s o c ia te d  w ith  
Mockhorn I s l a n d .
·MAGOTHY BAY 2. 4.0M 
.. 
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m, r e s p e c t iv e ly  (F ig u re  3 1 ) .  T h is i s  a  p u z z lin g  o c c u rre n c e  as 
P le is to c e n e  s a n d s , n o rm ally  s t r a t i g r a p h i c a l l y  above th e  la g o o n a l 
s e d im e n ts , a r e  found landw ard and below  th e se  muds (F ig u re  3 1 ) .  
P o s s ib ly ,  a to p o g ra p h ic a l ly  h ig h  P le is to c e n e  n e a rsh o re  s h o a l p ro v id ed  
a s h e l te r e d  re g io n  f o r  f in e -g ra in e d  sed im en t d e p o s i t io n .
S ed im en to lo g ic  a n a ly se s  r e v e a l  th a t  th e  Mockhorn I s la n d  sands a re  
c o a r s e r  th a n  th a t  o f  Sm ith I s l a n d ,  w ith  in te r s p e r s e d  heavy m in e ra l 
lam inae betw een p la n a r ,  m o s tly  h o r iz o n ta l  b e d s . In  s e v e r a l  c o re s  from 
th e  i s l a n d ,  a tru n c a te d  p a le o s o l  can  be  found below  more r e c e n t ly  
rew orked fo re s h o re  s a n d s .
The t r a n s g r e s s iv e  s t r a t i g r a p h ic  sequence from Mockhorn I s la n d  i s  
shown in  F ig u re  3 9 . The Mockhorn b a r r i e r  sands confo rm ab ly  o v e r l i e  a 
c la y e y  s i l t  w ith  in t e r c a l a te d  p e a ty  c la y s  and s c a t t e r e d  s h o a l - l ik e  
l e n t i c u l a r  sand b o d ie s  t h a t  p ro b a b ly  r e p r e s e n t  flo o d  t i d a l  d e l t a s .
The v e g e ta t io n  o f  th e  d e l t a  s a n d s , reco g n ized  in  Core M-8 as marsh 
se d im e n ts , g r a d a t io n a l ly  o v e r l i e  th e se  s a n d s . The r e l a t i v e l y  
homogeneous g r a in  s i z e  d i s t r i b u t i o n  o f  muddy sam p les , th e  
c h a r a c t e r i s t i c  b e d fo rm s , and th e  o ccu rren c e  o f  b o th  c a lc a re o u s  ( e . g .  
E lphid ium  s p .)  and a g g lu t in a te d  fo ra m in ife ra  com pare fa v o ra b ly  to  
b a c k b a r r ie r  H olocene sed im en ts  o f  th e  a r e a .  C o n ta c ts  betw een  sand 
b o d ie s ,  la g o o n a l m uds, and p e a ty  c la y s  a re  a l l  g r a d a t io n a l .  The 
c o n ta c t  from  th e  mud to  th e  Mockhorn b a r r i e r  sands i s  sh a rp  b u t 
co n fo rm ab le  and i s  much l i k e  th e  c o n ta c t  betw een Smith I s la n d  beach  
sands and itB  a s s o c ia te d  u n d e r ly in g  b a c k b a r r ie r  muds (F ig u re  1 5 ) .
F ig u re  3 9 . The s t r a t i g r a p h i c  sequence o f  sed im en ts  and
a s s o c ia te d  en v iro n m en ts  i s  shown from  Mockhorn 
I s l a n d .  C e d a r , l o b l o l ly  p in e  t r e e s  and a 
s o i l  h o r iz o n  a r e  found a t  th e  c e n te r  o f  th e  
i s l a n d .  They o v e r l i e  a c le a n  medium sand th a t  
o u tc ro p s  on th e  beach* Below a re  la g o o n a l 
muds and in te rb e d d e d  p e a ty  c la y  d e p o s i t s .  A 
t r a n s g r e s s iv e  s t r a t i g r a p h i c  sequence i s  
rec  o g n iz e d .
M O C K H O R N  ISLAND
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Dark organic-rich soil 
grading downward into 
medium sand.1 
Cedar and loblolly pine 
trees at surface.
Medium clean sand. 
Several smalt burrows, 
heavy mineral laminations.
Compacted clay, silt, and
scattered interoedded
sand. Some bioturbation. 




Clean medium to  fine 
sand, grades upward 
into sand with roots.
Planar bedded.,_______
Dense compacted, 
clay and silt, some sand.
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M ainland S h o re lin e
The P le i s to c e n e  s t r a t ig r a p h y  o f  sed im en ts a d ja c e n t  and below  th e  
m ainland s h o r e l in e  i s  d e te rm in ed  from  th e  M ill  C reek c o re  (C ore T-16) 
o f  Mixon (1985) and v ib ra c o re s  from  th i s  s tu d y  (C ores MC 1 -4 ,  6 -6 ,  7 -  
9 ,  8 -7 , 9 - 6 ) ,  reco v e re d  from  w ith in  th e  approx im ate  500 m m ainland 
f r in g in g  H olocene m arsh (F ig u re  6 ) .  S t r a t ig r a p h ic  in fo rm a tio n  o f  th i s  
ty p e  p ro v id e s  (1 )  c l a r i f i c a t i o n  o f  th e  r e l a t io n s h ip  and c o n ta c t  
c h a r a c t e r i s t i c s  betw een  th e  m ainland f r in g in g  H olocene m arsh and 
b a c k b a r r i e r  b e a c h , and th e  P le i s to c e n e  se d im e n ts ; (2 ) th e  p o s s ib le  
ev id en ce  o f  a P le is to c e n e  b a c k b a r r ie r  beach  d e p o s i t  c o r r e l a t i v e  to  the  
Mockhorn I s la n d  b a r r i e r ;  and (3 ) a d e te rm in a tio n  o f  th e  s t r a t i g r a p h ic  
p o s i t i o n  o f  th e  u p p er P le i s to c e n e  s e d im e n ts , i . e . ,  an in d ic a t io n  o f  
w hether th e y  a r e  p a r t  o f  th e  W achapreague F o rm ation  o r  some o th e r  
u n i t .
M ixon 's  (1985) M il l  C reek c o re  i s  shown in  F ig u re  1 2 . The 
Yorktown F orm ation  i s  unconform ably  o v e r la in  by th e  W achapreague 
Form ation  w ith  th e  l a t t e r  u n i t  ex ten d in g  from  a t  l e a s t  3 .9  to  1 0 .0  m 
below  MSL. A p ro g re s s iv e  change from  w arm -tem perate c l im a t ic  
c o n d i t io n s  in  e a r l i e s t  W achapreague tim e to  c o o l— o r  c o ld —tem p era te  
c o n d it io n s  in  m idd le  and l a t e  W achapreague tim e i s  reco g n ized  based  on 
p o l le n  assem blages (M ixon, 1 9 8 5 ). Sedim ents from  th e  W achapreague 
F orm ation  in  t h i s  c o re  d i f f e r  from th e 'T y p e  S e c tio n  a t  W achapreague, 
V irg in ia  in  t h a t  a f in e  g ra in e d  l i t h i c  u n i t  i s  n o t found below  a 
c o a rs e  g ra in e d  l i t h i c  u n i t .  I n s te a d ,  a sequence o f  medium to  c o a rs e  
c la y e y  sand w ith  p e b b le s  i s  observed  a t  th e  b a se  f in in g  upward to  f in e  
sa n d , c l a y ,  and s i l t  a t  th e  - 3 .9  m s u r f a c e .  An u n con fo rm ity  i s  drawn
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a t  - 3 .9  m b u t  th e  s u r f a c e  o f  th e  W achapreague F o rm a tio n  i s  n o t  c l e a r ly  
i d e n t i f i e d  (F ig u re  1 2 ) .  C o arse  sands and p eb b les  l i e  above - 3 . 9  m.
As shown in  T ra n s e c t E -E ' (F ig u re  3 7 ) ,  th e  M i l l  C reek c o r e s  o f 
t h i s  s tu d y  (MC 1 - 4 ) ,  p a r t i c u l a r l y  MC-4 (F ig u re  1 2 ) ,  p e n e t r a te  through 
th e  H olocene and in to  th e  P le i s to c e n e  sed im en ts  b e lo w . The H olocene 
sed im en ts  a r e  m arsh muds o r  san d s u n d e r la in  by mud and sa n d . These 
sed im en ts  r e p r e s e n t  m ain land  f r in g in g  m arshes o r  b a c k b a r r i e r  b eaches 
o v e r  a t i d a l  f l a t  en v iro n m en t. The H o lo c e n e -P le is to c e n e  c o n t a c t  i s  
s u b t le  w ith  some p e b b le s  above and l o c a l ly  iro n  s ta in e d  san d s  below  
th e  c o n t a c t .  The p e b b le s  a r e  rew orked P le i s to c e n e  m a te r ia l  r e ­
d e p o s ite d  d u r in g  th e  i n i t i a l  in u n d a tio n  o f  th e  b a c k b a r r i e r  r e g io n  from 
th e  H olocene m arin e  t r a n s g r e s s io n .  They r e p r e s e n t  a  th in  
t r a n s g r e s s iv e  la g  d e p o s i t .  A t MC-4 th e  H o lo c e n e -P le is to c e n e  c o n ta c t  
i s  a t  1 .8  m below  MSL and a t  Core CL-1 and 7-9  i t  i s  a p p ro x im a te ly  2 .0  
m. These u p p e r P le i s to c e n e  sands a re  composed o f  sand  and p e b b le s  
w hich g ra d e  upward in to  f i n e  sand w ith  many heavy m in e ra l  b e d s  
(F ig u re s  3 7 , 1 2 ) .  The f in e  sands betw een 1 .0  and 2 .0  m th ic k  a r e  
in t e r p r e te d  as  a b each  d e p o s i t .  S im ila r  sands o f  t h i s  type a r e  found 
as th e  u p p e r  P le i s to c e n e  d e p o s i t s  in  c o re s  CL-1, 6 - 6 ,  7 -9  and 8 -7 , 
Appendix 1) .
The r e c o g n i t io n  o f  th e  P le is to c e n e /H o lo c e n e  c o n ta c t  p ro v id e s  fo r 
a r e v is e d  s t r a t i g r a p h y  t h a t  d i f f e r s  from th a t  o f  M ixon (1 9 8 5 ) .  The 
u p p e r P le i s to c e n e  sands a r e  in te r p r e te d  a s  a m ain land  beach  d e p o s i t  
c o r r e l a t i v e  to  th e  Mockhorn I s la n d  b a r r i e r .  This c o n c lu s io n  i s  based 
on th e  te x tu r e  and bedform s o f  th e se  san d s  and th e  s im i la r
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s t r a t i g r a p h i c  p o s i t i o n  o f  each d e p o s i t .  Both l i e  s t r a t i g r a p h i c a l l y  
below  H olocene se d im e n ts .
The p o s i t io n  o f  a c o n ta c t  below  th e  c o a rs e r  san d s a t  - 3 .9  m MSL 
(F ig u re  12) would i n d i c a t e  th a t  two P le is to c e n e  u n i t s  e x i s t .  These 
a re  th e  Wachapreague F o rm ation  below  and unnamed P le i s to c e n e  sed im en ts  
(M ockhorn fo rm atio n ) t h a t  c o r r e l a t e  w ith  Mockhorn I s la n d  above - 3 .9  m. 
H olocene sedim ents l i e  above the  Mockhorn F o rm atio n . The d a ta  
s u p p o r t in g  th i s  i n t e r p r e t a t i o n  i s  n o t  c o n c lu s iv e  b e c a u se  M ixon 's 
(1985) upper W achapreague c o n ta c t  i s  n o t  c l e a r ly  dem arcated  (F ig u re  
1 2 ) .  However, th e  p re s e n c e  o f  c o a r s e  sand and p e b b le s  above - 3 .9  m 
and f i n e  sand , s i l t ,  and c la y  below  would in d ic a te  th e  p re se n c e  o f  
such  a  c o n ta c t  (F ig u re  1 2 ) .
H olocene S tr a t ig r a p h y
B a r r i e r  and B a c k b a r r ie r
The r i s e  in  H olocene s e a - le v e l  a lo n g  w ith  a low sed im ent su p p ly  
has r e s u l t e d  in  s h o re fa c e  e ro s io n  o f  Sm ith Is la n d  and su b seq u en t 
landw ard b a r r i e r  m ig r a t io n .  G eneral f a c ie s  r e la t io n s h ip s  fo r  a 
landw ard m ig ra tin g  ( r e t r o g r a d in g )  b a r r i e r  s h o re l in e  w ere h y p o th e sized  
by F is c h e r  (1 9 6 1 -F ig u re  3) and S w ift (1 9 7 6 -F ig u re  10) and v e r i f i e d  by 
Newman and M unsart (1968) and K ra f t  (1 9 7 1 ) ,  among o th e r s .  More d e t a i l  
o f  th e  l a t e r a l  and v e r t i c a l  d i s t r i b u t i o n  o f  d e p o s i t io n a l  env ironm ents 
a s s o c ia te d  w ith  a r e t r e a t i n g  b a r r i e r  i s  shown in  t h i s  s tu d y . The 
s ig n i f i c a n c e  o f  th e s e  s t r a t i g r a p h ic  sequences i s  th a t  they  o ccu r
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b e n e a th  a s in g le  b a r r i e r  system  th a t  o v e r l i e s  an e a r l i e r  t r a n s g r e s s iv e  
s h o re l in e  d e p o s it*
Most H olocene d e p o s i t io n a l  env ironm ents change g ra d u a l ly  in  b o th  
th e  v e r t i c a l  and l a t e r a l  d i r e c t i o n .  T h is i s  e s p e c i a l l y  t r u e  f o r  
b a c k b a r r ie r  en v iro n m en ts : m a rsh e s , t i d a l  f l a t s ,  open la g o o n s , and 
s h e l te r e d  la g o o n s . C ores d is p la y  v e r t i c a l  tre n d s  in  l i th o lo g y  and 
sed im en ta ry  s t r u c t u r e s  th a t  a r e  r e p r e s e n ta t iv e  o f  th e  b a c k b a r r ie r  
s t r a t ig r a p h y .  The m ost p e r t i n e n t  tr e n d s  a re  (1 ) an o v e r a l l  f in in g  
upward sequence o f  sed im en ts  from  f in e  sand a n d /o r  muddy sand and (2 ) 
a dom inance o f  b io g e n ic  sed im en ta ry  s t r u c t u r e s  c l o s e r  to  th e  s u r fa c e  
w ith  a downward in c re a s e  in  p h y s ic a l  sed im en ta ry  s t r u c t u r e s  (F ig u re s  
2 2 , 3 1 , 3 2 ) .  T h is  tre n d  n o rm ally  e x i s t s  u n le s s  th e  lo c a l ly  
en coun tered  s h e l t e r e d  la g o o n a l env ironm ent i s  p e n e t r a te d .
The dom inant su b su rfa c e  b a c k b a r r ie r  env ironm ents a r e  open lagoons 
and t i d a l  f l a t s  (F ig u re  2 2 ) .  T id a l f l a t s  and m arshes a re  m ost common 
to d a y . T id a l f l a t s  a r e  p r im a r i ly  i n t e r t i d a l  and s u b je c t  to  low er 
c u r r e n t  v e l o c i t i e s  and e x te n s iv e  b io tu r b a t io n .  O y ste rs  a re  numerous 
w ith in  t h i s  en v iro n m en t. Open lagoons r e p re s e n t  a s u b t id a l  
environm ent s u b je c t  to  c h a n n e liz e d  t i d a l  c u r r e n t s .
The H olocene b a c k b a r r ie r  sed im en ts  o v e r l i e  P le i s to c e n e  sands 
a s s o c ia te d  w ith  Mockhorn I s la n d  and th e  m a in lan d . S c a tte re d  
t r a n s g r e s s iv e  la g  d e p o s i t s  a r e  enco u n te red  betw een th e se  two u n i t s  
(F ig u re  1 9 ) .  E lsew here th e  c o n ta c t  i s  B ub tle  (F ig u re  1 8 ) .  A b a s a l  
Holocene p e a t  m igh t b e  expec ted  above th e  P le is to c e n e  se d im e n ts , y e t  
th a t  i s  n o t found . The la c k  o f  a d i s t i n c t  t r a n s g r e s s iv e  d i s c o n t in u i ty  
o r  a b a s a l  p e a t  a t  th e  P le is to c e n e -H o lo c e n e  c o n ta c t  d iv e rg e s  from th e
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c o n c e p tu a l model o f  a c t iv e  t r a n s g r e s s io n ,  i . e . ,  th e  p re se n c e  o f  an 
e r o s io n a l  b a c k b a r r ie r  c o n ta c t  a n d /o r  a t r a n s i t i o n a l  p e a t  from  th e  
i n i t i a l  b a c k b a r r ie r  in u n d a tio n  o f  th e  s e a .  The b a c k b a r r ie r  sed im en ts  
su rround  Mockhorn I s la n d  w ith  m o stly  s u r f i c i a l  m arshes and t i d a l  f l a t s  
on th e  seaw ard s id e  and open lagoon sed im en ts  f i l l i n g  Magothy Bay 
(F ig u re  38) .
Sm ith I s la n d  beach  and w ashover sands e x h ib i t  a b ru p t y e t  
con fo rm ab le  c o n ta c ts  to  th e  b a c k b a r r ie r  sed im en ts n o rm ally  found one 
to  th r e e  m e te rs  below  (F ig u re s  1 5 , 2 2 ) .  An e ro s io n a l  c o n ta c t  to  
b a c k b a r r i e r  sed im en ts  i s  se e n  below  n e a rsh o re  sands o f  ap p ro x im ate ly  
one m e te r th ic k n e s s  (F ig u re  2 3 ) .  The abundant s h e l l s  and c o a rs e  and 
p o o r ly  s o r te d  sands t h a t  a r e  c h a r a c t e r i s t i c  o f  a t r a n s g r e s s iv e  lag  
d e p o s i t  a r e  n o t fo u n d . T his c o n ta c t  i s  a t r a n s g r e s s iv e  d i s c o n t in u i ty  
c a l le d  a  rav inem en t s u r f a c e .  N earshore sands a r e  d e p o s ite d  on top  o f  
t h i s  s u r f a c e .  T h is  o ccu rs  as Smith Is la n d  r e t ro g ra d e s  and s u r fa c e  and 
su b su rfa c e  d e p o s i t s  a r e  reworked in  th e  s h o re fa c e . Some o f  th i s  
m a te r ia l  i s  r e d e p o s ite d  as w ashover, f o re s h o re ,  o r  n e a rs h o re  sa n d s .
3
The amount o f  rew ork ing  was found to  be  64 m / y r  p e r  m e te r o f  
s h o r e l in e  from  a n e t  e ro s io n /m ig ra t io n  r a t e  o f  8 .0  m /y r, a b a r r i e r  
h e ig h t  o f  1 .5  m (MSL), and a c lo s u re  d e p th  fo r  a c t iv e  e ro s io n  a t  6 .5  m 
(MSL) ( F in k e l s t e in ,  1 9 8 6 ). The th in n e s s  o f  th e se  sandy env ironm ents 
c o n t r a s t s  w ith  th e  r e l a t i v e l y  th ic k  b a c k b a r r ie r  se d im e n ts . The 
n e a rsh o re  sands co u ld  be  removed by wave and t i d a l  c u r r e n ts  th e re b y  
le a v in g  th e  b a c k b a r r ie r  sed im en ts  a t  th e  w a te r-se d in te n t i n t e r f a c e .
W ashover sands a re  o n ly  found w ith in  one km o f  Sm ith I s la n d .
They a r e  p a r t i c u l a r l y  common landward o f  ephem eral Smith Is la n d
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i n l e t s .  W ashover s e d im e n ts ,  c h a r a c te r iz e d  by t h e i r  t e x tu r e ,  s o r t i n g ,  
and s h e l l  c o n t e n t ,  a r e  r a r e l y  i d e n t i f i a b l e  in  th e  b a c k b a r r i e r  c o r e s .
T h is  p ro b a b ly  r e f l e c t s  th e  w ide b a c k b a r r ie r  r e g io n  w ith  numerous t i d a l  
c h a n n e ls  t h a t  p re v e n ts  w id esp read  l a t e r a l  d e p o s i t io n .  C hannels
t r a n s p o r t  w ashover s e d im e n ts ,  and th o s e  sands d e p o s ite d  on m arshes and 
t i d a l  f l a t s  may b e  rew orked by b io t u r b a t i o n ,  w hich would c o n c e a l th e  
overw ash e v e n t .
The p re c e d in g  d is c u s s io n  in d i c a te s  t h a t  th e  H olocene sed im en ts  
a s s o c ia te d  w ith  th e  Sm ith  I s la n d  b a r r i e r  d i s p la y  a  t y p i c a l l y  
t r a n s g r e s s iv e  s t r a t i g r a p h y .  However, th e  s o u th e rn  end o f  Sm ith I s la n d
has  p ro g rad ed  a lo n g sh o re  and d i s p l a y s ,  in  p a r t ,  a r e g r e s s iv e
s t r a t ig r a p h y  w ith  w e ll-d e v e lo p e d  b each  r i d g e s ,  a l th o u g h  t h a t  a r e a  i s  
c u r r e n t ly  r e t r o g r a d in g .  I f  p r e s e r v e d ,  b o th  t r a n s g r e s s iv e  and 
r e g r e s s iv e  s t r a t i g r a p h i c  seq u en ces  cou ld  o c c u r .  T h is  i s  n o t u n u s u a l;  
Moslow and Heron (1978 ) found b o th  th e s e  seq u en ces  n e a r  Cape L ookou t, 
N orth  C a r o l in a .  T h e re fo re ,  even in  a r e t r e a t i n g  b a r r i e r  sy stem  l i k e  
V i r g in i a ,  a r e g r e s s iv e  s t r a t i g r a p h i c  i n t e r p r e t a t i o n  co u ld  b e  made on 
th e  b a s i s  o f  a lo c a l  s tu d y .  T h is  i l l u s t r a t e s  th e  p rob lem  o f  u s in g  a 
" c l a s s i c a l ” b a r r i e r  m odel ( F i s k ,  1959; B ernard  e t  a l . ,  1962; K r a f t ,
1971) t h a t  d e s c r ib e s  one ty p e  o f  b a r r i e r  s t r a t i g r a p h y  fo r  
e n v iro n m e n ta l i n t e r p r e t a t i o n .  The t r a n s g r e s s iv e  o r  r e g r e s s iv e  n a tu r e  
o f  a b a r r i e r  i s  u s u a l ly  th e  r e s u l t  o f  v e ry  lo c a l  v a r i a t i o n  in  sed im en t 
su p p ly  (R uby, 1 9 8 1 ).
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Bungalow I n l e t
A ccord ing  to  th e  1979 USGS 1 :2 4 ,0 0 0  to p o g ra p h ic  map o f  th e  Ship 
Shoal I n l e t  Q u ad ran g le , Bungalow I n l e t ,  a 500 m w ide ephem eral I n l e t
4 .5  km so u th  o f  L i t t l e  I n l e t  (F ig u re s  2 ,  4 0 ) ,  waB open . The 1980 NOAA 
n a u t i c a l  c h a r t  (#12224) shows i t  c lo s e d  and i t  rem ains so to d a y . I t  
was a l s o  c lo se d  be tw een  1855 and 1929 and th e n  open u n t i l  1969 (1855 
USCGS 1 :4 0 0 ,0 0 0  n a u t i c a l  c h a r t ;  1943 USGS 1 :2 4 ,0 0 0  to p o g ra p h ic  map o f  
th e  Sh ip  Shoal I n l e t  Q uad ran g le ; 1946 US Army T opographic CommandI
1 :2 5 0 ,0 0 0  to p o g ra p h ic  map; 1968 USGS 1 :2 4 ,0 0 0  to p o g ra p h ic  map; 1969 
USGS 1 :2 5 0 ,0 0 0  to p o g ra p h ic  map; R ice  e t  a l . ,  1 9 7 6 ) . B ecause i n l e t s  
o f t e n  sc o u r  d e e p ly  in to  th e  su b su r fa c e  and m ig r a te ,  much o f  th e  i n l e t  
f i l l  s ed im en ts  may b e  p re s e rv e d  below  th e  wave b a s e  o f  a t r a n s g r e s s in g  
s e a .  Along th e  O u te r Banks o f  N o rth  C a ro l in a ,  Moslow and Heron (1978) 
showed t h a t  much o f  th e  H olocene b a r r i e r  s e c t i o n  has b een  reworked by 
t i d a l  i n l e t  m ig ra t io n .  To d e f in e  th e  s t r a t i g r a p h i c  sequence o f  i n l e t  
Bedim ents and to  d e te rm in e  t h e i r  p r e s e r v a t io n a l  p o t e n t i a l ,  s e v e ra l  
c o re s  w ere d r i l l e d  in  and n e a r  th e  Bungalow I n l e t  s i t e .
The p o s i t i o n  o f  f iv e  v ib r a c o r e s ,  BI 1 -5 ,  a r e  shown in  F ig u re s  35 
and 3 6 ; th e s e  a r e  u sed  to  c o n s t r u c t  a  s h o r e - p a r a l l e l  t r a n s e c t  D-D' and 
a  sh o re -n o rm a l t r a n s e c t  D-D". T ra n s e c t  D-D' i s  composed o f  th re e  
c o r e s :  B I-1 , B I -2 ,  and B I -3 . The i n l e t  f i l l  sequ en ce  i s  e s p e c ia l ly  
w e ll p re s e rv e d  in  B I-1  and B I-2 . The i n l e t  c h a n n e l bo ttom  i s  2 .0  and
2 .5  m, r e s p e c t iv e l y .  I t  i s  o n ly  a b o u t 1 .0  m in  B I-3 , w hich in d ic a te s  
th a t  t h i s  c o re  i s  ta k e n  from  th e  i n l e t  m a rg in . I n  a l l  th e s e  c o re s ,  
much s h e l l  d e b r i s  and i n t a c t  s h e l l s  o f  o y s t e r s ,  r a e o r  c la m s , and a rk s  
l i e  d isc o n fo rm a b ly  o v e r  muddy b a c k b a r r i e r  s e d im e n ts . T h is  e ro s io n a l
F ig u re  4 0 . An a e r i a l  p h o to g rap h  o f  Sm ith I s la n d  h ig h l ig h t in g  
th e  w ashover fa n  a t  th e  form er lo c a t io n  o f  
Bungalow I n l e t  ( a t  c e n te r )  i s  shown.
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c o n t a c t  i s  v e r y  d i s t i n c t  (F ig u r e  4 1 ) .  The i n l e t  f i l l  s a n d s ,  w hich a re  
a p p ro x im a te ly  2 m t h i c k ,  a r e  medium to  f i n e  g ra in e d  and ta n  c o l o r e d ,  
and c o n t a i n  a s i g n i f i c a n t  amount o f  s h e l l  d e b r i s *  Conformably 
o v e r ly in g  t h e s e  sands  a r e  t a n  f i n e  g ra in e d  f o r e s h o r e  sands w i th  many 
heavy m in e r a l  b e d s .  I n  B I - 1 , a 10 cm m arsh  d e p o s i t  i s  found betw een 
th e  two sandy e n v iro n m e n ts .
Three c o r e s ,  BI—1 ,  B I -4 ,  and B I -5 , ex tend  a long  t r a n s e c t  D-D" 
( F ig u r e  3 6 ) .  The i n l e t  f i l l  d e p o s i t s  a r e  enco u n te red  in  BI-1 and 150 
m landward i n  B I-4  b u t  150 m f u r t h e r  w e s t  th e  s o u th e r n  i n l e t  m argin  
i s  p e n e t r a t e d .  The th i c k n e s s  o f  th e  i n l e t  f i l l  sands d e c r e a s e s  in  a 
landward d i r e c t i o n .  However, a p re v io u s  washover e v e n t  i s  reco g n ized  
in  c o r e s  B I-4  and BI—5 .  These washover d e p o s i t s  a r e  found confo rm ab ly  
be tw een  t y p i c a l  t i d a l  f l a t  and open lagoon  en v iro n m en ts .
These c o r e s  and c r o s s - s e c t i o n s  i n d i c a t e  t h a t  Bungalow I n l e t  was a 
s h a l lo w  c h a n n e l  no more th an  2 .5  m below MSL. D is c u s s io n s  w i th  l o c a l  
f ish e rm a n  s u p p o r t  t h a t  c o n c l u s i o n .  P re v io u s  open ings  o f  th e  i n l e t  a r e  
n o t  re c o g n iz e d  in  th e s e  c o r e s ;  th e  l a s t  a c t i v e  p e r io d  o f  
c h a n n e l i z a t i o n  may have removed any o l d e r  b u t  s h a l lo w e r  i n l e t  f i l l  
d e p o s i t s .
Summary
T r a n s g r e s s iv e  H olocene and P l e i s t o c e n e  s t r a t i g r a p h i c  sequences  
a r e  shown p a r t i a l l y  su p e rp o sed  on top o f  one a n o th e r .  Mockhorn I s l a n d  
i s  a r e l a t i v e l y  t h i n  b a r r i e r  i s l a n d  t h a t  o v e r l i e s  b a c k b a r r i e r  
s e d im e n ts .  P l e i s t o c e n e  sands a s s o c ia t e d  w i th  t h i s  b a r r i e r  system
F ig u re  4 1 .  The e r o s i o n a l  c o n t a c t  be tw een  ephem eral 
Bungalow I n l e t  f i l l  ( sand  above) and 
b a c k b a r r i e r  muds i s  shown from c o r e  B I -1 .
<\d
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ex tend  u n d e r  Holocene b a c k b a r r i e r  sed im en ts  seaward and landward o f  
Mockhorn I s l a n d .  Upper P l e i s t o c e n e  sands  found below  m ain land  
f r i n g i n g  H olocene sands  and muds a r e  l i t h o l o g i c a l l y  and p e rh ap s  
c h r o n o l o g i c a l l y  d i f f e r e n t  from th e  u n d e r ly in g  low er s e c t i o n  o f  th e  
Wachapreague f o r m a t io n .  These P l e i s t o c e n e  sands (Mockhorn fo rm a t io n )  
may b e  t h e  b a c k b a r r i e r  b eac h  c o r r e l a t i v e  to  th e  Mockhorn I s la n d  
b a r r i e r .  P l e i s t o c e n e  muds o u tc ro p  anom alously  h ig h  in  th e  
s t r a t i g r a p h i c  column from c o r e s  reco v e re d  in  t h e  n e a r s h o r e  zone .  A 
s h e l t e r e d  r e g io n  b e h in d  a P l e i s t o c e n e  s h o a l  may accoun t f o r  t h i s .
The Holocene b a c k b a r r i e r  sequence g e n e r a l l y  f i n e s  upward and i s  
u s u a l l y  capped by m arsh o r  t i d a l  f l a t  s e d im e n ts .  Smith I s l a n d  b a r r i e r  
Bands and i t s  n e a r s h o r e  sed im en ts  a r e  no  g r e a t e r  th an  t h r e e  and one 
m e te r  t h i c k , r e s p e c t i v e l y .  Ephemeral i n l e t  f i l l  d e p o s i t s  ex tend  o n ly  
2 .5  m be low  MSL. The b a s a l  Holocene d e p o s i t  i s  l o c a l l y  a 
t r a n s g r e s s i v e  la g  b u t  more u s u a l l y  th e  P l e i s t o c e n e  c o n t a c t  i s  
c o n fo rm a b le .
DEP OSITIONAL HISTORY
L ate  P l e i s t o c e n e
Sangamonian I n t e r g l a c i a t i o n  (125*000 to  70,000 y e a r s  B .P .)
Sangamon d e p o s i t i o n  began landward o f  th e  s tu d y  a re a  w i th
b a r r i e r ,  la g o o n a l ,  and n e a rs h o re  sed im ents  d e p o s i te d  to  form th e
Nassawadox Form ation  (Mixon, 1 9 8 5 ) .  S u bsequen tly ,  a n o th e r  m arine
t r a n s g r e s s io n  t r u n c a te d  the  P l io c e n e  Yorktown Form ation  and ,  i n  p a r t ,
th e  Nassawadox F o rm a t io n .  This  r e s u l t e d  in  d e p o s i t i o n  o f  th e
Wachapreague Form ation  (Mixon, 1 9 8 5 ) .  North o f  the  s tu d y  a r e a ,  beach
r id g e s  and narrow  lagoons a r e  d e s ig n a te d  as p a r t  o f  the  Wachapreague
F o rm a t io n ,  i n d i c a t i n g  a  l a t e r  m a rin e  r e g r e s s io n  (Mixon, 1 9 8 5 ) .
A lthough U ran ium -iso tope  (1 2 8 ,0 0  y e a r s  B.P) and am ino-acid
ra c e m iz a t io n  (82 ,000  y e a r s  B .P . )  age e s t im a te s  c o n f l i c t ,  th e s e  d a t e s
a long  w i th  th e  s t r a t i g r a p h y  s u p p o r t  a  l a t e  Sangamonian age f o r  the
Wachapreague Form ation  (Mixon, 1 9 8 5 ) .  These d a t e s  a re  from th e  lower
s e c t i o n  o f  th e  Wachapreague Form ation  as d is c u s s e d  e a r l i e r .  L a t e s t
P l e i s t o c e n e  sed im ents  o f  the  Mockhorn fo rm ation  and the
«
s t r a t i g r a p h i c a l l y  e q u iv a le n t  u p p e r  s e c t i o n  o f  th e  Wachapreague 
Form ation  o v e r l i e  th e  lower s e c t i o n  a long  the p r e s e n t  mainland 
s h o r e l i n e .  These sed im en ts  a re  c o r r e l a t i v e  w i th  th o se  o f  Mockhorn 
I s l a n d ,  b o th  o f  which p rob ab ly  r e s u l t  from a l a t e  mid—W isconsinan 
m arine  t r a n s g r e s s i o n ,  as  d i s c u s s e d  below .
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W isconsinan G la c i a t i o n  (7 0 ,0 0 0  to  10,000 y e a r s  B .P .)
The W isconsinan  g l a c i a l  p e r io d  began about 65,000 y e a rs  B .P . and 
ended w i th  th e  r a p id  warming o f  th e  Holocene about 10,000 y e a r s  ago.
The l a s t  i n t e r s t a d i a l  e v e n t  ended abou t 23,000 y e a rs  B .P .  and a f t e r  
t h i s  tim e th e  i c e  s h e e t s  seem to  have expanded m arkedly w i th  g l a c i a l  
maximum around 18 ,000  y e a r s  B .P . (G oudie ,  1979 ) .  A lthough  o th e r  
W isconsinan i n t e r s t a d i a l  e v e n ts  a re  recogn ized  on l a t e  P l e i s t o c e n e  
s e a - l e v e l  c u rv e s  (S h a c k le to n  and Opdyke, 1973; Bloom e t  a l . ,  1974; 
C h a p p e l l ,  1974) (F ig u r e  4 2 ) ,  r e s e a r c h e r s  have on ly  d is c u s s e d  th e  
p o s s i b i l i t y  o f  s e a  l e v e l  s ta n d in g  n e a r  i t s  p r e s e n t  p o s i t i o n  d u r in g  
m id-W isconsinan tim e (4 0 -2 5 ,0 0 0  y e a r s  B . P . ) .
Mockhorn I s la n d  sands o v e r l i e  b a c k b a r r i e r  s e d im e n ts ,  some o f  
which a r e  p e a ty  c l a y s ,  t h a t  have been  d a ted  betw een 34 ,000  and 23,000 
y e a r s  B .P .  (T a b le  1 4 ) .  D ated m a t e r i a l s  a r e  2 .5  to  4 .5  m below MSL and 
a re  from a  c o o l  to  co ld  m a rg in a l  m arine  env ironm en t.  T h is  s u g g e s ts  
t h a t  r e l a t i v e  s e a  l e v e l  was n e a r  t o d a y 's  l e v e l  d u r in g  t h i s  tim e p e r io d  
i f  i s o s t a t i c  a d ju s tm e n ts  a r e  ig n o re d .  The t r a n s g r e s s i v e  Mockhorn 
b a r r i e r  sequence  p o in t s  to  an i s la n d  th a t  i s  c l e a r l y  c o e v a l  w i th ,  o r  
younger th a n ,  th e s e  d a te d  s e d im e n ts .  These d a t a  c o n t r a s t  w i th  the  
p o r t r a y a l  o f  low er s e a  l e v e l s  d u r in g  the  m id-W isconsinan . Bloom 
(1983) r e p o r t s  s e a  l e v e l  betw een 38 and 42 m below p r e s e n t  a t  th e  time 
P l e i s t o c e n e  sed im en ts  d a te d  in  t h i s  s tu d y  were d e p o s i t e d .
P o s s i b i l i t i e s  t h a t  cou ld  accoun t f o r  t h i s  d is c re p a n c y  a r e  as f o l lo w s :
1) Mockhorn I s la n d  m ight in  f a c t  be  a Holocene b a r r i e r  i s l a n d .
This c o n c lu s io n  i s  based on th e  p o s s i b i l i t y  t h a t  Mockhorn I s la n d  was 




















3 0 0 J J
O d CD

























0 0  rH o
> > *X CO oo «» CH
pH '—I1
e CDo T3 J J
M O COm J J CO
P «a) &
> O aju rH .co 0) j ja rO
0 0
rH rH d
QJ r H ♦H










CD QJ d r-.
t f CO cD o>
U CS rH
<D Q> *rl
J J 4J CO ft
cD O d 0 )




T3a> • •H P «
4 J QJ & O
CD > 1
r-H O t 3 TD




11 3 3 3 )  1 3 A 3 1  V 3 S
155
W 8 B  s u b s e q u e n t ly  o v e r la p p e d  b y  Smith I s l a n d .  T h is  ty p e  o f  b a r r i e r  
o v e r la p  has o c c u r re d  d u r in g  Holocene t im e ;  f o r  exam ple , A ssa teag u e  
I s la n d  ex tended  to  th e  s o u th  by s p i t  p r o g r a d a t io n  u n t i l  i t  o v e r la p p ed  
C h inco teague  I s l a n d  ( G o e t t l e ,  1 9 8 1 ) .  However, d e s p i t e  th e  s i m i l a r i t y  
in  h e ig h t  and sand t h i c k n e s s ,  Mockhorn and Smith I s l a n d  e x h i b i t  many 
l i t h o l o g i c a l  d i f f e r e n c e s .  Mockhorn I s l a n d ' s  l a r g e r  and l o c a l l y  i r o n  
s t a i n e d  s a n d s ,  i t s  compacted and m o s t ly  dew ate red  b a c k b a r r i e r  
s e d im e n ts ,  and t h e  t r u n c a te d  p a l e o s o l  be low  more r e c e n t l y  reworked 
f o r e s h o r e  sands  i n d i c a t e  t h a t  i t  i s  d i s t i n c t  from Smith I s l a n d  and 
c o n s id e r a b ly  o l d e r .  An a t l a t l ,  o r  s p e a r th ro w e r  o rn am en t,  was found on 
Mockhorn I s l a n d  and d a t e s  somewhere betw een 3 ,000  and 5 ,000 y e a r s  B.P 
( p e r s o n a l  com m unica tion , K. E g l o f f ,  V i r g in i a  D iv i s io n  o f  H i s t o r i c  
Landm arks). T h is  p o i n t s  to  human o c c u p a t io n  on an i s l a n d  t h a t  has 
rem ained s t a t i o n a r y .  Holocene i s l a n d s  were f u r t h e r  o f f s h o r e  a t  t h i s  
t im e and have s u b s e q u e n t ly  r e t r o g r a d e d  landw ard . F i n a l l y ,  th e  
r a d io c a rb o n  d a t e s  and p o l l e n  assem blages  found below  Mockhorn I s la n d  
c o n t r a d i c t  th e  h y p o th e s i s  t h a t  Mockhorn I s la n d  i s  H olocene .
2) Mockhorn I s l a n d  i s  a  r e s u l t  o f  a v e ry  l a t e  Sangamon o r  e a r l y  
V isc o n s in a n  m a rin e  t r a n s g r e s s i o n .  T h is  c o n c lu s io n  would s u p p o r t  most 
l a t e  P l e i s t o c e n e  s e a - l e v e l  c u rv e s  p r e v io u s l y  m entioned i f  a s low  
t e c to n ic  u p l i f t  r a t e  o f  0 .1  to  0 .3  m p e r  1000 y e a r s  i s  assumed.
D uring  o x y g e n - is o to p e  s t a g e  5a (L a te  Sangamon) o r  an e a r l y  V isc o n s in a n  
i n t e r s t a d i a l ,  a h y p o th e s iz e d  s e a  l e v e l  o f  be tw een  -13 and -20 m i s  
shown in  e u s t a t i c  s t u d i e s  by Mathews ( 1 9 7 3 ) ,  Bloom e t  a l  ( 1 9 7 4 ) ,  and 
C h ap p e l l  (1974) and u t i l i z e d  in  n e o te c  to n ic  s t u d i e s  o f  th e  V i r g i n i a  
r e g io n  (C ro n in ,  19 8 1 ) .  One o f  th e s e  r e l a t i v e  h ig h s ta n d s  may have
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produced the  Mockhorn b a r r i e r  complex w ith  subsequen t n e o te c to n ic  
u p l i f t  from -15 to  -2  m (below  p r e s e n t  MSL) o v er  approx im ate ly  65,000 
to  82,000 yea rs*  These r a t e s  o f  u p l i f t  c l o s e l y  match th o se  o f  C ronin  
(1981) f o r  a s i m i l a r  tim e p e r io d  and r e g io n .
A l a t e  Sangamon o r  e a r l y  V iscons inan  time f o r  d e p o s i t io n  o f  th e  
Mockhorn b a r r i e r  complex would presume th e  te n  m id -V isconsinan  C-14 
d a te s  a r e  e r ro n e o u s .  Humic a c i d s ,  o rg an ic  decay p ro d u c ts ,  and modern 
ca lc iu m  c a rb o n a te  may have been  c a r r i e d  in  th e  g roundw ater  f low  o r  
downwards to  r e s p e c t i v e l y  co n tam in a te  a d ja c e n t  o r  u n d e r ly in g  
s ed im en ts .  A c a lc iu m -c a rb o n a te  s h e l l  o f  100,000 y e a r s  o ld  would g iv e  
an a p p a re n t  C-14 d a t e  o f  37,000 y e a rs  i f  con tam ina ted  by only  1% 
modern CaCO^ (G oud ie ,  1 9 7 9 ) .  However, a l l  modern c a rb o n a te s  were 
removed d u r in g  sample p r e - t r e a tm e n t  and no s h e l l s  were d a ted  i n  t h i s  
s tu d y .  C-14 d a t e s  o b ta in e d  in  t h i s  s tu d y  a re  in  r e l a t i v e l y  c lo s e  
agreem ent; i t  would seem f o r t u i t o u s  t h a t  a l l  samples were con tam ina ted  
by a lm ost the  same amount o f  modern carbon* M oreover, th e  p o s s i b i l i t y  
o f  m ig ra t io n  o f  o rg a n ic s  downward th rough  m ostly  im pervious 
b a c k b a r r i e r  c l a y s  i s  a  h y p o th e s i s ,  n o t  p r e s e n t l y  s u b s t a n t i a t e d .
P o l l e n  assem blages  from below Mockhorn I s la n d  (F ig u re  8) could  
su p p o r t  an e a r l i e r  than  m id -V isconsinan  time o f  d e p o s i t i o n .  The co o l  
to  c o ld  p o l l e n  s p e c t r a  may c o r r e l a t e  to  c o ld e r  c l im a te s  t h a t  o ccu rred  
e i t h e r  b e f o r e  o r  a f t e r  o x y g en - iso to p e  s ta g e  5 a .  A lag  time may e x i s t  
between th e  warming t re n d  t h a t  produced a r e l a t i v e l y  h ig h e r  s e a - l e v e l  
and th e  Mockhorn b a r r i e r  complex, and a change in  v e g e t a t i o n ,  i . e . ,  
th e  p o l l e n  r a i n .  T h is  cou ld  cause  p o l l e n  assem blages from c o ld e r  
c l im a te s  to  be found w i th in  a s t r a t i g r a p h i c  sequence t h a t  i n d i c a te s  
warming and s e a - l e v e l  r i s e .
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3) The Mockhorn b a r r i e r  complex r e s u l t s  from a  m id-W isconsinan  
s e a - l e v e l  h ig h s ta n d *  The p re c e d in g  d i s c u s s io n  p ro v id e s  a r e a s o n a b le  
e x p la n a t io n  f o r  an o ld e r  age o f  th e  Mockhorn b a r r i e r  com plex• T h is  
p o s s i b i l i t y  i s  c e r t a i n l y  p l a u s i b l e *  However, based  upon the  
georaorphology, s t r a t i g r a p h y ,  C-14 d a t e s ,  and p a le o n to lo g ic  d a t a ,  a 
m id-W isconsinan  age i s  most l i k e l y .
Mockhorn I s l a n d  p ro v id e s  th e  f i r s t  r e l i a b l y  d a te d  s t r a t i g r a p h i c  
and geomorphic ev id en ce  from a  s p e c i f i c  l o c a l i t y  f o r  a  m id-W isconsinan  
s e a - l e v e l  h ig h s ta n d  a long  th e  m idd le  A t l a n t i c  c o a s t .  The C-14 d a t e s  
taken  from p o s i t i v e l y  i d e n t i f i e d  b a c k b a r r i e r  sed im en ts  below th e  
b a r r i e r  sands have been  c r o s s - v e r i f i e d  w i th  d a ted  p o l l e n  a sse m b la g e s .  
P o l le n  found w i th  th e  C-14 d a te d  sed im en ts  o f  t h i s  s tu d y  a re  v e ry  
s i m i l a r  t o  a ssem blages  d a te d  be tw een  ap p ro x im ate ly  24 ,000  to  3 1 ,0 0 0  
y e a r  B .P .  from th e  c e n t r a l  Delmarva P e n in s u la  ( S i r k i n  e t  a l . ,  1977) 
and from t r a n s g r e s s i v e  sands (S in ep u x en t Form ation) o f  presumed m id -  
W isconsinan age i n  th e  n o r th e r n  Maryland c o a s t  (Owens and Denny,
1979). As m entioned  e a r l i e r ,  most p re v io u s  s tu d ie s  i n d i c a t i n g  a  m id - 
W isconsinan h ig h s ta n d  la ck  p a l e o c l i m a t i c  d a t a ,  c o n t a in  on ly  a few 
r e l i a b l e  C-14 d a t e s ,  a n d /o r  do n o t  in c lu d e  a s u b a e r i a l  b a r r i e r  f a c i e s .
The m arine  t r a n s g r e s s i o n  t h a t  r e s u l t e d  in  d e p o s i t i o n  o f  the  
Mockhorn b a r r i e r  complex i s  p a r t  o f  th e  F arm dalian  (Lake M ichigan 
lobe) o r  Plum P o in t  (Lakes O n ta r io - E r ie  lo b e )  I n t e r s t a d e .  This i n t e r -  
s t a d i a l  p e r io d  i s  d a te d  betw een ap p ro x im a te ly  34,000 to  22,000 y e a r s  
B .P . (T a b le  1 ) .  T here  i s  l i t t l e  ev idence  f o r  t h i s  p h ase  in  m arine  
c o r e s .  I t  may n o t  have been  observed  b eca u se  o f  a sam pling  i n t e r v a l  
th a t  was to o  wide o r  becau se  o f  co re  d i s tu r b a n c e  by b i o t u r b a t i o n .
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A l t e r n a t i v e l y ,  i t  may be  to o  s m a l l  and l o c a l  an e v e n t  t o  be  reco rd ed  
in  th e  o cean ic  r e c o r d .
A L a te  Q u a te rn a ry  s e a - l e v e l  cu rv e  i s  shown in  F ig u r e  29 . The te n  
C-14 d a t e s  o f  t h i s  s tu d y  " c l u s t e r ' '  a t  abou t 2 m below  p r e s e n t  s e a  
l e v e l  a t  a p p ro x im a te ly  28 ,000  y e a r s  B .P . T h is  cu rve  i s  s i m i l a r  to  
th o s e  o f  C urray  ( 1 9 6 5 ) ,  M ill im a n  and Emery (1 9 6 8 ) ,  and in  p a r t ,  D i l l o n  
and O ld a le  (1978) (F ig u r e  4 3 ) ,  d e s p i t e  t h e  f a c t  t h a t  t h e  m id- 
V isc o n s in a n  p o r t i o n  o f  th e  c u rv e s  o f  the  f i r s t  two a r e  based  on 
s p e c u l a t i v e  d a t a  (Bloom, 1 9 8 3 ) .
Two e x p la n a t io n s  a re  p o s s i b l e  f o r  th e  p r e s e n t  h e i g h t  o f  th e  m id -  
V isc o n s in a n  Mockhorn b a r r i e r .  The f i r s t  i s  t h a t  e u s t a t i c  se a  l e v e l  
was much h ig h e r  th a n  p r e v io u s l y  re p o r te d  d u r in g  t h i s  t im e fram e. The 
second i s  t h a t  n e o te c  to n ic  u p l i f t  has  s u b se q u e n t ly  r a i s e d  the  b a r r i e r  
com plex. The im p r o b a b i l i t y  o f  an e u s t a t i c  s e a - l e v e l  r i s e  d u r in g  th e  
M iddle V is c o n s in ,  when ic e  c o n t in u o u s ly  occup ied  l a t i t u d e s  as f a r  
so u th  as  the  S t .  Lawrence Lowland, rem ains an o b v io u s ,  fundam ental 
o b j e c t i o n  to  an i n t e r s t a d i a l  s e a - l e v e l  h ig h s ta n d .  P o l l e n  assem blages
i n d i c a t e  av e ra g e  te m p e ra tu re s  w ere a t  l e a s t  10^ c o l d e r  th a n  p r e s e n t  
th e re b y  p r o h i b i t i n g  r a p id  g l a c i a l  m e l t in g  and a l a rg e  r i s e  in  e u s t a t i c  
s e a  l e v e l .  These p o i n t s ,  how ever, do n o t  e l im i n a t e  th e  p o s s i b i l i t y  
t h a t  th e  a p p a re n t  t r a n s g r e s s i o n  t h a t  produced Mockhorn I s l a n d  and 
p e rh a p s  o th e r  geomorphic f e a t u r e s  re p o r te d  f o r  th e  m idd le  and 
s o u th e a s t e r n  A t l a n t i c  C oas ts  was th e  r e s u l t  o f  g lo b a l  g e o id a l  o r  more 
l o c a l ,  r e g io n a l  i s o s t a t i c  a d ju s tm e n t s .  The E a s t  C oast c o n t i n e n t a l  
m argin  may have r i s e n  s in c e  th e  end o f  the  P l e i s t o c e n e  due to  e u s t a t i c  
lo a d in g  o f  th e  A t l a n t i c  Ocean b a s i n  ( V a l c o t t ,  1972). In d e e d ,  t h e r e  i s
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i n c r e a s in g  ev idence  f o r  c o n s id e r a b le  l a t e  Q u a te rn a ry  d i f f e r e n t i a l  
w arping o f  c o n t i n e n t a l  s h e lv e s  a long  th e  n o r th e r n  and m iddle A t l a n t i c  
C o as ts  ( D i l l o n  and O ld a le ,  1978)* The dilemma o f  a  m id-W isconsinan 
s e a - l e v e l  h ig h s ta n d  th u s  becomes n o t  so much a q u e s t io n  o f  th e  
u l t i m a t e  v a l i d i t y  o f  th e  ev id en ce  b u t  o f  th e  r h e o lo g i c a l  mechanisms 
t h a t  cou ld  have g iv e n  r i s e  to  th e s e  phenomena. With t h i s  in  mind, 
P l e i s t o c e n e  d a t a  p o in t s  in  th e  l a t e  Q ua te rna ry  s e a - l e v e l  cu rv e  shown 
in  F ig u re  29 p ro b a b ly  in c lu d e  some t e c to n ic  u p l i f t .
This  neo tec  to n ic  e x p la n a t io n  i s  n o t  w ith o u t  i t s  p rob lem s . I f  th e  
Bloom e t  a l .  (1974) s e a  l e v e l  o f  -38  m a t  30,000 y e a r s  B.P i s  assumed 
c o r r e c t ,  th e n  Mockhorn I s la n d  would need 1 .20  mm/yr u p l i f t  f o r  30,000 
y e a r s  to  produce i t ' s  p r e s e n t  h e i g h t .  What i s  troub lesom e abou t t h i s  
u p l i f t  i s  t h a t  i t  i s  n o t  r e a d i l y  seen  in  o ld e r  l a t e  P l e i s t o c e n e  
d e p o s i t s .  F o r exam ple, C ron in  e t  a l .  (1981) d a t e  a  l a t e  P l e i s t o c e n e  
r id g e  in  th e  V i rg in ia -N o r th  C a ro l in a  b o rd e r  a re a  a t  7 .0  m above MSL a t  
a p p ro x im a te ly  72,000 y e a r s  B .P . I f  e u s t a t i c  s e a  l e v e l  was th e n  -13 m 
(Bloom e t  a l . ,  1 9 7 4 ) ,  o n ly  20 m o f  u p l i f t  has occu rred  a t  a r a t e  o f  
0 .27  mm/yr (C ro n in ,  19 8 1 ) .  N e i th e r  th e  r e l a t i v e l y  h ig h  r a t e s  o f  
u p l i f t  su g g es ted  by C ron in  (1981) n o r  th o se  proposed by  t h i s  s tu d y ,  
which a r e  abou t f o u r  t im es  as g r e a t  a r e  r e f l e c t e d  in  e a r l i e r  
Sangamonian s h o r e l i n e s  (oxygen i s o to p e  s ta g e s  5c and 5 e ) .  These 
s h o r e l i n e s  do n o t  show c o n s id e r a b ly  h ig h e r  p r e s e n t  e l e v a t i o n s  d e s p i t e  
h ig h e r  e u s t a t i c  se a  l e v e l s  d u r in g  time o f  d e p o s i t i o n .  A p o s s i b l e  
e x p la n a t io n  i s  t h a t  n e o te c to n ism  works in  b o th  d i r e c t i o n s ,  up and 
down, and Sangamon s h o r e l i n e s  may have subsided  to  l e v e l s  below t h e i r  
o r i g i n a l  h e i g h t ,  and a f t e r  m id-W isconsinan time r a p id  u p l i f t  o c c u r re d .
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There  may a l s o  b e  i n t e r v a l s  o f  more r a p id  u p l i f t  o r  su b s id e n c e  i n  some 
r e g io n s  ( C r o n in ,  1 9 8 1 ) .  In  a d d i t i o n ,  B lack w e ld e r  e t  a l .  (1979) n o te  
t h a t  s h e l f  h i s t o r i e s  o f  m a jo r  c o a s t a l  com partm ents may d i f f e r  
c o n s id e r a b ly .  There  may a l s o  b e  d i f f e r e n c e s  w i t h i n  a p a r t i c u l a r  
c o a s t a l  z o n e .  The p r e s e n t  E a s t e r n  Shore su b s id e n c e  r a t e s  d i f f e r  by  
0 .8  mm o v e r  a d i s t a n c e  o f  100 km (B o ld a h l  and M o rr is o n ,  19 7 4 ) .  I f  
t h i s  r a t e  i s  c o n s t a n t  o v e r  a  span  o f  30 ,000 y e a r s ,  a 24 m d i f f e r e n c e  
i n  e l e v a t i o n  w i l l  r e s u l t .
The f o r e b u lg e  t h a t  u p l i f t e d  V i r g i n i a  d u r in g  th e  l a t e  W isconsinan  
g l a c i a l  p e r io d  may e x p l a in  th e  p r e s e n t  h e ig h t  o f  Mockhorn I s l a n d .
With th e  c o l l a p s e  o f  th e  g l a c i a l  f o r e b u lg e  t h i s  r e g io n  h as  s u b s id e d ,  
b u t  n o t  y e t  t o  th e  l e v e l  o f  o r i g i n a l  b a r r i e r  emplacement a p p ro x im a te ly
28 .000  y e a r s  B .P .  I n d e e d ,  h ig h  p r e s e n t  su b s id e n c e  r a t e s  o f  1 .2 0  to
2 .0 0  mm/yr a lo n g  th e  E a s t e r n  Shores  o f  V i r g in i a  and Maryland may 
p a r t i a l l y  r e f l e c t  t h i s  c o l l a p s e  (H o ld a h l  and M o rr iso n ,  1974 ) .
E u s t a t i c  s e a  l e v e l  may have b een  h ig h e r  th e n  p r e v io u s l y  r e p o r te d  
d u r in g  m id-W isconsinan  t im e .  P o l l e n  r e c o rd s  be tw een  32 ,000  and 28 ,000  
y e a r s  B .P .  from New York i n d i c a t e  a  te m p era te  c l im a t e  t h a t  p e rh ap s  
cou ld  have r a i s e d  th e  s e a  to  l e v e l s  n e a r l y  l i k e  th e  p r e s e n t  ( S i r k i n  
and S tu c k e n ra th ,  1 9 8 0 ) .  The d i s p a r i t y  be tw een  p o l l e n  r e c o rd s  from New 
York ( S i r k i n  and S tu c k e n ra th ,  1980) and th e  Delmarva P e n in s u la  ( S i r k i n  
e t  a l . ,  1977; t h i s  s tu d y )  i n c r e a s e s  th e  c o n fu s io n  o v er  m id-W isconsinan  
s e a  l e v e l s .  N e v e r th e l e s s ,  i f  th e  New York d a t a  i s  c o r r e c t ,  th e  need 
f o r  t e c t o n i c  u p l i f t  s i n c e  th e  M iddle  W isconsin  i s  g r e a t l y  re d u c e d .
F u l l  g l a c i a l  c o n d i t i o n s  e x i s t e d  by ap p ro x im a te ly  18 ,000 y e a r s  B.P 
w i th  s e a  l e v e l  a t  abou t -8 8  m ( D i l l o n  and O ld a le ,  1978).  Some e r o s io n
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o f  P l e i s t o c e n e  d e p o s i t s  a s s o c i a t e d  w ith  Mockhorn I s la n d  c e r t a i n l y  took 
p l a c e .  Most l i k e l y ,  th e  Machipongo R ive r  en tren ch ed  th e  p r e s e n t  day 
Magothy Bay, and s o i l  p r o f i l e s  were c r e a te d  a to p  m a rg in a l  m arine  
s e d im e n ts •
P l e i s t o c e n e  Summary and C o r r e l a t i o n
A lthough  a l a t e  Sangamon o r  e a r l y  W isconsinan  age f o r  th e  
Mockhorn b a r r i e r  i s  b e t t e r  s u i t e d  to  p re v io u s  s e a - l e v e l  c u rv e s  and 
n e o t e c to n i c  r a t e s  o f  u p l i f t ,  on ly  a m id-W isconsinan  time o f  d e p o s i t i o n  
i s  su p p o r ted  by a l l  o f  the  a v a i l a b l e  d a t a  from t h i s  s tu d y .  However, 
some c a u t io n  i s  r e s e r v e d  w hich u n f o r tu n a t e ly  p ro v id e s  more c o n fu s io n  
to  t h i s  c o n t r o v e r s i a l  s e a - l e v e l  i s s u e .  F ig u re  44 i s  much l i k e  th e  
e a r l i e r  s e a - l e v e l  c u rv e  (F ig u re  29) ex cep t a l a t e  Sangamonian (T ab le  
1) d a t e  o f  72 ,000 y e a r s  B .P .  from C ron in  e t  a l  (1981) i s  in c lu d e d .
Some r e s e a r c h e r s  may i n s i s t  t h a t  th e  t e n  C-14 d a t e s  o f  t h i s  s tu d y  a r e  
r a d i o m e t r i c a l l y  dead  and th u s  th e  p e a ty  c la y s  d a ted  a r e  a p p ro x im a te ly  
e q u i v a l e n t  i n  age to  t h a t  o f  C ron in  e t  a l  (1 9 8 1 ) .
With t h e  p r o j e c t e d  m id-W isconsinan  h ig h s ta n d ,  F ig u re  45 
summarizes th e  p r o g r e s s io n  o f  d e p o s i t i o n a l  and e r o s i o n a l  e v e n ts  s in c e
30 ,000  y e a r s  B .P . The t r a n s g r e s s i v e  Mockhorn b a r r i e r  i s  shown a t  top  
o f  t h i s  f i g u r e ;  su b se q u en t s e a - l e v e l  f a l l  induced sand d e p o s i t i o n  a to p  
th e  more landward la g o o n a l  sed im en ts  a long  w ith  s c o u r in g  o f  p r o t o -  
Magothy Bay. L ike  th e  s e a - l e v e l  cu rves  p re s e n te d  (F ig u re s  2 9 ,  44) th e  
a l t i t u d e  o f  th e  Mockhorn b a r r i e r  complex i s  u n c o r re c te d  f o r  te c to n is m  
in  F ig u re  4 5 .  Sea l e v e l  d u r in g  d e p o s i t io n  o f  th e  Mockhorn b a r r i e r  
system  i s  a s  h igh  a s  2 m below p r e s e n t  (MSL).
F ig u r e  4 4 .  A p roposed  la t e  Q u a te rn a ry  s e a - l e v e l  cu rv e  from 
ap p ro x im a te ly  80,00 0 y e a r s  B.P. t o  t h e  p r e s e n t  
i s  shown. Some r e s e a r c h e r s  would a d j u s t  t h i s  
cu rv e  so  t h a t  the 10 C -14  da tes  o f  t h i s  s tu d y  
a r e  e q u iv a le n t  w i th  t h e  Uranium—s e r i e s  d a t e  o f  
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F ig u r e  4 5 .  The c o a s t a l  developm ent o f  th e  s tu d y  a r e a  i s  
shown. A t to p  Mockhorn I s l a n d  i s  eraplaced 
a p p ro x im a te ly  3 0 ,000  ( ? )  y e a r s  B .P .  D uring 
g l a c i a t i o n  s e a  l e v e l  i s  low er and th e  I s la n d  
and p ro to -M ago thy  Bay a r e  s c o u re d .  With o n s e t  
o f  th e  Holocene m a rin e  t r a n s g r e s s i o n  a new 
b a r r i e r  d e v e lo p s  and m ig ra te s  landw ard . This 
new i s l a n d  i s  Sm ith  I s l a n d  and i t s  p o s i t i o n  
i s  shown a t  ab o u t  5 ,000  y e a r s  B .P . and a t  
p r e s e n t .  Note t h e  i n f i l l i n g  o f  Magothy Bay 
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C o r r e l a t i o n s  o f  th e  Mockhorn sequence  w i th  th e  e x t e n s iv e  l a t e  
P l e i s t o c e n e  m arine  t e r r a c e s  i n  t h e  a r e a  o f  th e  m id d le  A t l a n t i c  C oast 
a r e  n o t  c l e a r .  T ab le  17 e x h i b i t s  t h e  t e n t a t i v e  c o r r e l a t i o n s  from t h i s  
s tu d y .  A v a i l a b le  d a t e s  and geom orphic and s t r a t i g r a p h i c  ev id e n c e  o f  
th e  most p rom inen t s c a rp s  im ply  a  l a t e  Sangamonian o r  e a r l y  
V isco n s in an  age (Mixon e t  a l * ,  1 9 8 1 ) .  A lowland u n d e r l a i n  by m a in ly  
c o a r s e n in g  upward sands o c c u r r i n g  seaward o f  th e s e  s c a r p s  a lo n g  th e  
Maryland C o as t  to  Bethany B each , D elaw are  has been  i n t e r p r e t e d  as 
m arking a m ajo r t r a n s g r e s s i o n  a p p ro x im a te ly  1 .5  m above p r e s e n t  around
30,000 y e a r s  B .P . (Owens and D enny, 1 9 7 9 ) .  This u n i t  i s  th e  
S inepuxen t F o rm ation  and i f  c o r r e l a t i v e  w i th  th e  Mockhorn fo rm a t io n ,  
th e s e  d a t a  to g e th e r  a rg u e  t h a t  t h e  p o r t r a y a l  o f  m id-W isconsinan  se a  
l e v e l s  low er th an  p r e s e n t  30 ,000  y e a r s  B .P .  in  e x i s t i n g  s e a  l e v e l  
c u rv e s  may n o t  a p p ly  to  t h i s  s e c t i o n  o f  th e  c o n t i n e n t a l  s h e l f .  The 
abundance o f  m icaceous m in e r a l s  i n  th e  Mockhorn b a c k b a r r i e r  sed im en ts  
(Mockhorn fo rm a tio n )  and th e  S in e p u x e n t  F o rm ation  d i s t i n g u i s h e s  them 
from o ld e r  f o rm a t io n s .  Both fo rm a t io n s  a r e  c h a r a c t e r i z e d  by  immature 
a s se m b la g e s ,  i . e . ,  h ig h  c o n c e n t r a t i o n s  o f  more l a b i l e  ty p e s  such  as 
am phiboles ( n o ta b ly  h o rn b len d e )  and sm a l l  amounts o f  pyroxene 
(h y p e r s th e n e  and a u g i t e )  ( w r i t t e n  com m unica tion , J . P .  O w ens,) .
However, t h e  a l t i t u d e  o f  th e  S in e p u x e n t  F orm ation  i s  as  h ig h  as  6 m, 4 
m h ig h e r  th a n  Mockhorn I s l a n d ,  and t h e r e f o r e  an argument c o r r e l a t i n g  
i t  to  th e  Wachapreague F o rm atio n  c a n  be  made.
The c o r r e l a t i o n  o f  Mockhorn I s l a n d  to  th e  S in ep u x en t F o rm ation  i s  
based  on t h e i r  s i m i l a r  C—14 age  d a t e s ,  p o l l e n  a sse m b la g e s ,  
t r a n s g r e s s i v e  s t r a t i g r a p h y ,  and m in e ra lo g y .  Mockhorn I s la n d
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a s s o c ia t e d  d e p o s i t i o n  i s  b e l i e v e d  d i s t i n c t  from th e  Wachapreague 
F o rm ation  as d e f in e d  by Mixon (1985) due to  th e  p ro b a b le  e x i s t e n c e  o f  
a l i t h o l o g i c a l  c o n t a c t  and d i f f e r e n c e s  i n  a l t i t u d e  and s t r a t i g r a p h y .
The Poquoson Member o f  t h e  Tabb F orm ation  (Johnson*  1976) may a l s o  n o t  
c o r r e l a t e  to  t h e  W achapreague Form ation  as  t h e  l a t t e r ' s  a l t i t u d e  i s  
c l o s e r  to  th e  somewhat o l d e r  Lynnhaven Member.
The Mockhorn b a r r i e r  i s  s i m i l a r  i n  h e i g h t  t o  a s e r i e s  o f  r i d g e s  
developed  a lo n g  th e  low er Chesapeake Bay and th e  Back Bay-A lbem arle  
Sound a r e a .  T hese  r i d g e s  a r e  i d e n t i f i e d  as  th e  Poquoson Member w hich  
formed when s e a  l e v e l  was r e p o r te d  to  b e  1 .5  to  3*0 m below  p r e s e n t  
( n o t  te c  t o n i c a l l y  c o r r e c t e d )  abou t 65*000 y e a r s  ago (Johnson  e t  a l . ,  
1 9 8 5 ) .  This  d a t e  i s  an e s t i m a t e  t h a t  i s  n o t  b a s e d  on any i s o t o p i c  
d a t i n g  m ethod. Q u i te  p o s s i b l y  th e  Poquoson Member i s  y ounger .  Such a 
c o r r e l a t i o n  would need to  c o n s i d e r  i f  t h e r e  i s  a  d i f f e r e n c e  in  a g e .
L a te  H olocene
Sea-L evel A d ju s tm en ts
A r e l a t i v e  s e a - l e v e l  c u r v e  f o r  t h i s  s tu d y  a rea*  adapted from 
F i n k e l s t e i n  and F e r la n d  ( i n  p r e s s ) *  i s  shown in  F ig u re  3 0 .  C arbon-14  
d a t e s  i n d i c a t e  a c o n s t a n t  b u t  n o t  l i n e a r  r i s e  i n  s e a  l e v e l  s in c e  4 ,6 0 0  
y e a rs  B .P . Two i n f l e c t i o n  p o i n t s  a r e  r e c o g n iz e d :  th e  f i r s t  o c c u r s  a t  
ap p ro x im a te ly  3*800 y e a rs  B .P .  which i s  lo c a te d  betw een two b a s a l  
p e a t s  and commences a tim e o f  r e l a t i v e l y  f a s t e r  s e a - l e v e l  r i s e *  th e  
o th e r  i s  a b a s a l  p e a t  o f  2 ,2 0 0  y ea rs  B .P .  w hich b e g in s  a  time o f  
r e l a t i v e l y  s lo w e r  s e a - l e v e l  r i s e .
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The s tu d y  a r e a  i s  a  p a r t  o f  th e  fo re b u lg e  a r e a  from th e  l a s t  
g l a c i a t i o n  and w i th in  zone I I  o f  C la rk  e t  a l .  (1978) and zone D o f  
Q uin lan  and Beaumont ( 1 9 8 1 ) .  These s t u d i e s  show se a  l e v e l  
c o n t in u o u s ly  r i s i n g  s in c e  a t  l e a s t  11,000 y e a rs  B .P . Sea l e v e l  r i s e  
f o r  th e  w e s te rn  A t l a n t i c  slowed c o n s id e r a b ly  between app ro x im ate ly
6 .000  to  5 ,000  y e a rs  B .P .  (L ig h ty  e t  a l * ,  1982). Subsequent s e a - l e v e l  
r i s e  i s  p ro b a b ly  from l o c a l  neo tec  to n ic  ad ju s tm en ts  o r  sed im ent 
com paction r a t h e r  than  e u s t a t i c  i n c r e a s e s .  W alcott (1972) d i s c u s s e s  
th e  problem s o f  d e te rm in in g  e u s t a t i c  v e r s u s  n e o te c to n ic  s e a - l e v e l  
changes b e c a u se  e l a s t i c  and r e l a x a t i o n  re sp o n ses  o f  th e  e a r t h  to  the  
changing  lo ad s  o f  l a t e  g l a c i a l  time can b e  expected to  r e s u l t  in  
d i f f e r e n t i a l  movements and to  p e r s i s t  in  p o s t g l a c i a l  t im e by con tinued  
r e l a x a t i o n  e f f e c t s .
The d a t a  b a s e  from F ig u r e  30 does n o t  p recede  4 ,600  y e a rs  B .P . 
b u t  th e  assum ption  i s  made t h a t  s e a - l e v e l  r i s e  was then  much g r e a t e r .  
Osing the  age and d e p th  o f  b a s a l  p e a t s ,  a  r e l a t i v e l y  s low  r a t e  o f  s e a -  
l e v e l  r i s e  i s  c a l c u l a t e d  from 4,600 y e a r s  B .P . to  th e  h i s t o r i c a l  
p e r io d .  A more rap id  r i s e  in  s ea  l e v e l  began  a t  l e a s t  300 y ea rs  ago 
(Froom er, 1 9 8 0 ) .  The o v e r a l l  s e a - l e v e l  r i s e  r a t e  i s  1 .5  mm/yr 
c a l c u l a t e d  from 4,600 y e a r s  B .P . to  th e  p r e s e n t  and r e s p e c t i v e l y  only
2 .0  mm/yr and 1 .1  mm/yr f o r  th e  times o f  r e l a t i v e l y  f a s t e r  and slow er 
s e a - l e v e l  r i s e .  These low r a t e s  o f  s e a - l e v e l  r i s e  f o r  t h i s  p e r io d  
ag ree  w i th  Belknap and K r a f t  (1977) in  D elaware b u t  a re  h ig h e r  than  
t h a t  found in  Worth C a r o l in a  by Heron e t  a l .  (1 9 8 5 ) .
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Sed im e n ta t io n
In  re sp o n se  to  s e a - l e v e l  and l im i te d  sed im en t a v a i l a b i l i t y ,  Smith 
I s la n d  has m ig ra ted  landward c r e a t i n g  th e  r e s u l t i n g  t r a n s g r e s s i v e  
s t r a t i g r a p h i c  seq u en ce .  L a te  Holocene in u n d a t io n  o f  Magothy Bay w a te r  
on to  Mockhorn I s l a n d  has r e s u l t e d  in  rew orking o f  some P l e i s t o c e n e  
s a n d s ,  Holocene m arsh  grow th , and an e r o s io n a l  s c a rp  on th e  w e s te rn  
sh o re  o f  th e  I s l a n d .  T ra n s g re s s iv e  la g  d e p o s i t s  s c a t t e r e d  below 
la g o o n a l  sed im en ts  r e f l e c t  th e  i n i t i a l  Holocene m arine  encroachm ent 
o v e r  P l e i s t o c e n e  d e p o s i t s .  B ra c k ish  w a te r  b a s a l  p e a t s  a r e  found in  a 
s i m i l a r  s t r a t i g r a p h i c  p o s i t i o n  below  more n o r t h e r l y  la g o o n a l  d e p o s i t s .  
These b a s a l  p e a t s  a r e  d a ted  as  old as 4,620+80 y e a r s  B .P .  from a d e p th  
o f  - 6 .6 0  m ( F i n k e l s t e i n  and F e r l a n d ,  in  p r e s s ) .  T h is  i n d i c a t e s  t h a t  
Smith I s l a n d  and th e  o th e r  V i r g i n i a  b a r r i e r  i s l a n d s  were i n  e x i s t e n c e  
a t  l e a s t  t h i s  long and a t  a s e a  l e v e l  o f  -6 .6 0  m. F i n k e l s t e i n  and 
F e r la n d  ( i n  p r e s s )  show th e se  b a r r i e r  i s l a n d s  to  be  4 km o f f s h o re  
a p p ro x im a te ly  4 ,620  y e a r s  B .P . H i s t o r i c a l l y ,  Smith I s la n d  has 
r e t r e a t e d  r a p i d l y ,  a t  mean r a t e s  rang ing  between 4 and 15 m /yr (R ic e  
e t  a l . , 1976).
The s t r a t i g r a p h y  and B ubsurface  geo logy  p o in t  to  m o s tly  v e r t i c a l  
s ed im en ta ry  a c c r e t i o n  r a t h e r  th a n  mainland in u n d a t io n .  T h is  i s  a 
f u n c t io n  o f  th e  r e l a t i v e l y  s t e e p  P l e i s t o c e n e  s u r f a c e  topography n e a r  
th e  m ainland s h o r e l i n e  (F ig u re s  3 1 - 3 3 , '3 7 ) .  Cores taken  n e a r  the  
mainland show a r e l a t i v e l y  th i c k  sequence o f  Holocene s e d im e n ts .  F o r  
exam ple, Core MC-4 i n  t r a n s e c t  E-E" (F ig u re  37) c o n ta in s  a lm ost 2 n  o f  
Holocene sed im en ts  (b e lo w  MSL) b u t  i s  on ly  about 240 m from the  
P l e i s t o c e n e  m a in lan d .  By u s in g  a s e a - l e v e l  r i s e  r a t e  o f  2 mm/yr
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(H icks e t  a l . ,  1983; F i n k e l s t e i n  and F e r l a n d , i n  p r e s s ) ,  1000 y e a r s  o f  
v e r t i c a l  Holocene s e d im e n ta t io n  i s  c a l c u l a t e d .  D uring t h i s  t im e on ly  
240 m o f  mainland topography  has been  t r a n s g r e s s e d .  C o n c u r r e n t ly ,  
Smith I s la n d  has r e t r e a t e d  landward a t  a  c o n s e r v a t iv e  r a t e  o f  5 tn /y r .  
This acco u n ts  f o r  th e  narrow ing  o f  th e  b a c k b a r r i e r  r e g io n .  This  tren d  
should  c o n t in u e  b e c a u se  (1 )  th e  mainland P le i s t o c e n e  topography  i s  3 m 
above MSL on ly  500 m from th e  b a c k b a r r i e r  s h o r e l i n e  and (2 )  Smith 
I s la n d  c o n t in u e s  t o  r e t r e a t  i n  re sp o n se  to  s e a - l e v e l  r i s e  and low 
sed im ent su p p ly .  The same r e s u l t  was o b ta in ed  by F i n k e l s t e i n  and 
F e r la n d  ( i n  p r e s s )  who found r e l a t i v e l y  o ld  and deep b a s a l  Holocene 
p e a t s  n e a r l y  a d j a c e n t  to  th e  mainland shore  b eh in d  more n o r t h e r l y  
V i r g in i a  b a r r i e r s .
S t r a t i g r a p h i c  ev id en ce  f o r  a g e n e r a l  change from a h ig h e r  to  
low er energy  env ironm ent i s  found in  most b a c k b a r r i e r  c o r e s .  This 
r e f l e c t s  th e  narrow ing  o f  th e  lagoon r e s u l t i n g  in  s e d im e n ta t io n  
o c c u r r in g  un d er  p r o g r e s s i v e l y  lower energy  b a c k b a r r i e r  c o n d i t i o n s .
With sand r e l a t i v e l y  u n a v a i l a b l e  th e  system  has become dom inated by 
suspended sed im en t d e p o s i t i o n .  The change from h ig h e r  to  lower energy  
d e p o s i t i o n a l  c o n d i t i o n s  in  th e  b a c k b a r r i e r  has  c r e a te d  a " r e g r e s s i v e "  
sequence o f  s e d im e n ta ry  d e p o s i t s .  As d is c u s s e d  by Reineck (1 9 7 2 ) ,  th e  
r e g r e s s iv e  sequence from b o tto m  to  top  c o n s i s t s  o f  d e p o s i t s  o f  f i n e  
sa n d ,  mixed f l a t ,  mud f l a t ,  and s a l t  m arsh. A t r a n s g r e s s i v e  sequence 
would be  r e v e r s e d .  T h e re fo re  d e s p i t e  th e  t r a n s g r e s s in g  se a  and 
r e t r e a t i n g  b a r r i e r  i s l a n d  t h a t  c r e a t e  a t r a n s g r e s s i v e  s t r a t i g r a p h i c  
sequence , th e  b a c k b a r r i e r  i s  i d e n t i f i e d  by a sequence o f  r e g r e s s iv e  
d e p o s i t s .
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L o c a l ly ,  sed im en ts  i n t e r p r e t e d  as  a s h e l t e r e d  la g o o n a l  
env ironm ent a r e  reco g n ized  in  c o r e s .  T h is  env ironm en t i s  a r e s u l t  o f  
d e p o s i t i o n  in  i n a c t i v e  ch a n n e l  f i l l ,  s m a l l  s h e l t e r e d  b a c k b a r r i e r  b a y s ,  
o r  d e e p ly  in c i s e d  s h e l t e r e d  v a l l e y s .  The l a t t e r  i s  d ependen t upon th e  
p re -H o lo cen e  topo g rap h y . The i n i t i a l  Holocene t r a n s g r e s s i o n  invaded 
th e s e  v a l l e y s  which were co n d u c iv e  to  d e p o s i t i o n  o f  f i n e  g ra in e d  
se d im e n t .  Where th e  H o lo c e n e -P le is to c e n e  c o n t a c t  i s  r e l a t i v e l y  
s h a l lo w ,  h ig h e r  energy  open lag o o n  sed im en ts  a r e  fo u n d . These 
sed im en ts  r e f l e c t  th e  o v e r to p p in g  o f  th e  v a l l e y s  by s e a  l e v e l .  This  
i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i th  th e  work o f  H alsey  (1978) who found, 
in  i n t e r f l u v e  v a l l e y s ,  a low er Holocene q u i e t  w a te r  s i l t y  c l a y  below  a 
h ig h e r  en e rg y  s i l t y  f i n e  sand .
A c o n c e p tu a l  model o f  b a c k b a r r i e r  i n f i l l i n g  may b e  c o r r e l a t e d  to  
th e  r a t e  o f  s e a - l e v e l  r i s e  and narro w in g  o f  th e  b a c k b a r r i e r  r e g io n .  
P r i o r  to  5 ,000  y e a r s  6 . P . ,  Sm ith  I s l a n d  was f a r t h e r  o f f s h o r e  and 
r e t r o g r a d i n g  r a p i d l y  w i th  b a c k b a r r i e r  s e d im e n ta t io n  o c c u r r in g  und er  
r e l a t i v e l y  h ig h  ene rgy  c o n d i t i o n s .  D uring  th e  tim e o f  r e l a t i v e l y  
f a s t e r  l a t e  Holocene s e a - l e v e l  r i s e ,  be tw een  5 ,000  and 2 ,200  y e a r s  
B .P . ,  b a c k b a r r i e r  s e d im e n ta t io n  o cc u rre d  s u b a q u e o u s ly .  E x te n s iv e  
m arsh grow th co u ld  n o t  occu r  u n d e r  m o s t ly  s u b t i d a l  c o n d i t i o n s .  As 
s e a - l e v e l  r i s e  slowed a f t e r  2 ,200  y e a r s  B . P . ,  th e  lagoon  c o n t in u e d  to  
s lo w ly  f i l l  and e x t e n s iv e  marsh grow th  began  a s  subaqueous 
s e d im e n ta t io n  changed to  i n t e r t i d a l  s e d im e n ta t io n  i n  many a r e a s .
Dated s u b s u r f a c e  m arsh sed im en ts  a r e  as  o ld  as  a p p ro x im a te ly  2 ,000  
y e a r s  B .P . (T a b le  1 4 ) .  I n  s p i t e  o f  a  more r a p id  s e a - l e v e l  r i s e  r a t e  
o f  3 .6  mm/yr (Hampton Roads, V i r g in i a )  to  2 .0  mm/yr (Lewes, D elaware)
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d u r in g  th e  p e r io d  1940-1980 (H icks e t  a l . ,  1983 ) ,  marshes co n t in u ed  to  
grow as  suspended sedim ent d e p o s i t i o n  i n c r e a s e d .  F ig u re s  46 and 47 
show th e  t i d a l  f l a t  and marsh i n f i l l i n g  beh ind  Smith I s la n d  w i th in  the  
2 0 th  C e n tu ry .  K e l le y  (1983) a l s o  no ted  a d e c re a s e  in  open w a te r  from 
1880 to  1955, based  on h i s t o r i c a l  c h a r t s  o f  th e  New J e r s e y  b a r r i e r  
i s l a n d s .  P o s s ib ly  d e f o r e s t a t i o n ,  which began in  th e  C o lo n ia l  p e r io d ,  
in c re a se d  s tream  sedim ent lo ad s  and in t ro d u ced  abundan t sed im en t in to  
th e  e s t u a r i n e  system  (Froomer 1980).  S u b se q u e n tly ,  b eca u se  suspended 
sed im ent supp ly  in c r e a s e d ,  marshes expanded. Maximum d e p o s i t i o n  would 
p ro b a b ly  be expec ted  in  low marsh h a b i t a t s  (L e tz s c h  and F r e y ,  1980).
The s t r a t i g r a p h y  below b a c k b a r r i e r  marshes showing a f i n i n g  
upward sequence s u p p o r ts  th e  co n ce p t  o f ,  over  t im e ,  c o a r s e  bed load 
s e d im e n ta t io n  g iv in g  way to  f i n e - g r a in e d  suspended s e d im e n ta t io n .
P r e s e n t  d e p o s i t i o n  o f  f i n e  g ra in e d  sed im en ts  i s  a r e f l e c t i o n  o f  lower 
b a c k b a r r i e r  energy  c o n d i t io n s  and h y d ra u l i c  models o f  i n l e t  f low  from 
Boon and Byrne (1 9 8 1 ) ,  and F i tz G e ra ld  and Nummedal (1 9 8 3 ) .  They 
i n d i c a t e  a f lood  dominance o f  bed load  t r a n s p o r t  in  open la g o o n a l  
sy s te m s ,  and ebb dominance a f t e r  la g o o n a l  i n f i l l i n g  becomes advanced. 
C o a rse r  g ra in e d  bed load  m a t e r i a l  ( sand )  should  b e  f i r s t  d e p o s i te d  
where la g o o n a l  i n f i l l i n g  i s  l e s s  advanced and in le tB  a r e  f lood  
d o m in a ted .  L a t e r ,  w ith  the  b a c k b a r r i e r  r e g io n  more r e s t r i c t e d  and 
p a r t i a l l y  f i l l e d ,  such as the  p r e s e n t  s tu d y  a r e a ,  th e  ebb dominant 
i n l e t  f lu s h e s  c o a r s e r  m a te r i a l s  ou t  o f  th e  system  r e s u l t i n g  in  
i n f i l l i n g  o f  f i n e r  g ra in e d  suspended s e d im e n t .  Seism ic r e c o rd s  from 
L i t t l e  I n l e t  in d i c a t e  ebb dominance which p ro b a b ly  r e s u l t  in  th e
F ig u r e  4 6 .  Smith I s l a n d ,  V i r g in i a  and v i c i n i t y ,  1946 
( l e f t ,  from U .S . Army T opograph ic  Command
1 .2 5 0 ,0 0 0  to p o g rap h ic  map) and 1969 ( r i g h t ,  
from USGS 1 .2 5 0 ,0 0 0  to p o g ra p h ic  map). 
C o n s id e ra b le  i n f i l l i n g  w i th in  t h e  
b a c k b a r r i e r  r e g io n  o v e r  a span  o f  23 
y e a r s  can  b e  r e c o g n iz e d .
V3JV&K
M agothy B a y 4^
|  | | |  fe^wriT>---------
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F ig u re  47. A 1917 V i r g i n i a  Bureau o f  S o i l s  map o f  th e  s tu d y  a r e a  i s
shown above. When compared to  F ig u re  46 , i n f i l l i n g  o f  th e  
b a c k b a r r i e r  r e g io n  w ith  new growth o f  s a l t  marsh can be 
r e c o g n iz e d .
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p r e s e n t  n e t  lo s s  o f  th e  c o a r s e r  sed im en ts  from th e  b a c k b a r r i e r  r e g io n  
(F ig u re  4 8 ) .
The emergence and developm ent o f  new s a l t  marsh seems d ependen t 
o n ly  on th e  a v a i l a b i l i t y  o f  a  s u b s t r a t e  in  a  low energy  i n t e r t i d a l  
environm ent} n o t  on any p a r t i c u l a r  g r a i n  s i z e .  R e la t i v e  s e a  l e v e l  
r i s e  a l lo w s  f o r  co n t in u e d  g row th .  The s t r a t i g r a p h i c  sequence 
i n d i c a t e s  t h a t  m arshes a re  more abundant today  than  a t  any time d u r in g  
th e  mid t o  l a t e  Holocene. A d d i t i o n a l l y ,  th e  s c a r c i t y  o f  a g g lu t in a t e d  
f o r a m in i f e r s  below  th e  immediate s u r f i c i a l  l a y e r s  su g g e s t  t h a t  m arshes 
were l e s s  w id e ly  developed  d u r in g  accum ula tion  o f  th e  b a c k b a r r i e r  
sed im ents  than  th e y  a re  a t  p r e s e n t .
U n like  the  upward f i n i n g  sequence p re s e n te d  by  B e re lso n  and Heron 
(1985) i n  re sp o n se  t o  f lood  t i d a l  d e l t a  d e p o s i t i o n ,  no p a t t e r n s  o f  
e p i s o d ic  s e d im e n ta t io n  a re  observed  in  b a c k b a r r i e r  c o re s  from t h i s  
s tu d y .  M ostly  c o n tin u o u s  d e p o s i t i o n  o f  f i n e  g ra in e d  sed im en t i s  
a t t r i b u t e d  to  s t a t i o n a r y  i n l e t s  (Morton and D onaldson , 1973; H a lsey ,  
1978) w i th  i n s i g n i f i c a n t  f lo o d  t i d a l  d e l t a s ,  sm a l l  ephem eral i n l e t s ,  
and l im i t e d  d i s t a n c e  o f  washover d e p o s i t s .  In  c o n t r a s t ,  a f i n i n g  then  
c o a r s e n in g  upward s t r a t i g r a p h i c  sequence  i s  r e a d i l y  observed  in  th e  
b a c k b a r r i e r  environm ent o f  D elaw are; th e  Smith I s la n d  b a c k b a r r i e r  
d e p o s i t s  u s u a l l y  f i n e  upward. R e la t i v e  to  c o a s t a l  D elaw are ,  th e  
V i r g in i a  b a r r i e r  i s l a n d s  and a d ja c e n t  b a c k b a r r i e r  system  a re  s ta rv e d  
o f  sand .  In  s p i t e  o f  t h e i r  c l o s e  p r o x im i ty ,  th e  Smith I s la n d  
b a c k b a r r i e r  s t r a t i g r a p h i c  sequence d i f f e r s  from t h a t  found behind  the  
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B a c k b a r r ie r  Sediment Sources
Three  p o t e n t i a l  s o u rc e s  o f  sed im en t to  th e  b a c k b a r r i e r  a r e  
overwashed n e a r s h o re  and b a r r i e r  i s l a n d  s e d im e n ts , d ra in a g e  from th e  
u p la n d ,  and i n l e t - t r a n s p o r t e d  m arine  s e d im e n ts .  Each o f  th e s e  
c o n t r i b u t e s  some p o r t i o n  o f  th e  t o t a l  sed im ent accu m u la tio n ,  b u t  th e  
r e l a t i v e  p r o p o r t i o n  o f  each  in d i c a t e s  th e  p ro c e s s e s  which a re  dom inant 
in  f i l l i n g  th e  b a c k b a r r i e r .
Overvash i s  a p p a re n t  in  many lo c a t io n s  a long  Smith I s la n d  b u t  i s  
most e v id e n t  a t  l o c a t io n s  o f  fo rm er ephemeral i n l e t s .  T e x tu re ,  
s o r t i n g ,  and s h e l l  la g  c h a r a c t e r i s t i c s  o f  washover sed im ents  a re  
r a r e l y  i d e n t i f i a b l e  in  th e  c o r e s .  This  may b e  due to  b i o t u r b a t i o n ,  
b u t ,  n e v e r t h e l e s s ,  th e  l a r g e  t o t a l  w id th  (up to  10 km) o f  th e  
b a c k b a r r i e r  sy stem  and th e  o v e r a l l  d e f i c i e n c y  in  b a r r i e r  sand 
p re c lu d e s  th e  p o s s i b i l i t y  t h a t  w ashover sed im ents  c o n s t i t u t e  a 
s i g n i f i c a n t  b a c k b a r r i e r  sed im ent s o u rc e .
The P le i s t o c e n e  up land  may have been  a so u rc e  o f  sed im ent d u r in g  
th e  e a r l y  f i l l i n g  o f  th e  b a c k b a r r i e r  r e g io n .  C oarse  sed im ents  a r e  
found in  c o re s  a d j a c e n t  to  th e  m a in land .  D ra inage  o f f  th e  upland  
d u r in g  th e  mid-Holocene may have d e p o s i te d  th e s e  sedim ents  n e a rb y .
L e tz sch  and F rey  (1980) no ted  th e  a b i l i t y  o f  t o r r e n t i a l  r a i n s  to  move 
P le i s t o c e n e  sand from th e  t e r r e s t r i a l  f r in g e  to  the  a d ja c e n t  marsh 
s u r f a c e .  In  a d d i t i o n ,  d u r in g  th e  m id-H olocene, Magothy Bay was 
p o s s ib ly  n e a r l y  as  w ide and p ro b ab ly  d e e p e r .  This may have p e rm i t te d  
l a r g e r  waves to  d e v e lo p .  The s h o r t  p e r io d  chop , c h a r a c t e r i s t i c  o f  
in lan d  w a te r s ,  can  erode  a w e l l -v e g e ta te d  s h o r e l i n e ,  th e re b y  
l i b e r a t i n g  sed im ent f o r  subsequen t sedim ent t r a n s p o r t  in to  a d j a c e n t
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l a g o o n s .  However, m ain land  d e p o s i t s  a r e  p r e s e n t l y  c o n t r i b u t i n g  l i t t l e  
sed im en t t o  th e  b a c k b a r r i e r  r e g i o n .  A nalyses  o f  m i n e r a l s ,  d i s c u s s e d  
e a r l i e r ,  show l i t t l e  o r  no  mica and g l a u c o n i t e  in  m ain land  d r a i n i n g  
c r e e k s  d e s p i t e  t h e i r  abundance in  b a c k b a r r i e r  s e d im e n ts .  In  a d d i t i o n ,  
th e  few c r e e k s  which e n t e r  th e  b a c k b a r r i e r  r e g io n  a r e  s m a l l ,  have  
s h a l lo w  g r a d i e n t s  and low flow v e l o c i t i e s ,  and p ro b a b ly  c a r r y  l i t t l e  
suspended se d im e n t .
The m ost l i k e l y  im m ediate b a c k b a r r i e r  so u rc e s  a r e  o f f s h o r e  
s e d im e n ts ,  e i t h e r  c a r r i e d  southw ard a long  th e  c o a s t s ,  o r  d r i f t e d  
shoreward from  s h e l f  d e p o s i t s .  I n l e t s  r e p r e s e n t  th e  m ost l i k e l y  
avenue o f  t r a n s p o r t  o f  l i t t o r a l  and in n e r  s h e l f  sed im en ts  in to  th e  
b a c k b a r r i e r  r e g i o n .  M in e ra l  a n a ly s e s  and i n l e t  h y d r a u l i c s  s u p p o r t  
th e s e  c o n c l u s i o n s .  M arine  d e r iv e d  sed im en ts  e n t e r  th e  b a c k b a r r i e r  on 
f lo o d  t i d e s ,  p o s s i b ly  d e p o s i t e d  on f lood  t i d a l  d e l t a s ,  and a re  
s u b se q u e n t ly  r e d i s t r i b u t e d  by t i d a l  c u r r e n t s .  Sands a r e  d e p o s i t e d  
p ro x im a l  t o  t h e  i n l e t s  a s  th e  v e l o c i t i e s  d rop  in  th e  t i d a l  ch a n n e l  
n e tw o rk .  S i l t s  and c l a y s  a r e  c a r r i e d  to  more d i s t a l  p o r t i o n s  o f  th e  
b a c k b a r r i e r  complex and s u b s e q u e n t ly  d e p o s i t e d .  F ig u r e s  46 and 47 
e x h i b i t  t h i s  ty p e  o f  d e p o s i t i o n  le a d in g  to  i n f i l l i n g  o f  t i d a l  f l a t s  
and marBhes. Onshore t r a n s p o r t  o f  sed im en t a long  th e  m id - A t la n t ic  
B ig h t  has a l s o  been  shown by Meza and P a o la  (1977) and K e l le y  (1 9 8 0 ;
19 8 3 ) .
PRESERVATION POTENTIAL
E ro s io n  d e s t r o y s  p a r t  o r  a l l  t r a n s g r e s s i v e  b a r r i e r  and 
b a c k b a r r i e r  d e p o s i t s  a s  th e  th e  s h o r e l i n e  m ig ra te s  landw ard . This  i s  
w e l l  documented by th e  c r o s s - s e c t i o n s  in  t h i s  s tu d y .  A f te r  Holocene 
b a r r i e r  r e t r o g r a d a t i o n ,  b a r r i e r  sands over  b a c k b a r r i e r  sed im en ts  a r e  
r e p la c e d  by a p p ro x im a te ly  1 .0  m o f  n e a r s h o re  sands above 2 .5  m o f  
b a c k b a r r i e r  sed im en ts  (F ig u re  3 1 ) .  The th i c k e r  sands a s s o c ia t e d  w ith  
th e  P l e i s t o c e n e  Mockhorn b a r r i e r  r e l a t i v e  to  Smith I s la n d  may be  a 
f u n c t io n  o f  th e  r a t e  o f  s e a - l e v e l  r i s e .  F i s c h e r  (1961) p r e d ic te d  t h a t  
a  v e ry  r a p id  r i s e  in  s e a  l e v e l  would p r e s e r v e  more o f  the  b a r r i e r  
i s l a n d  s e c t i o n  th a n  a  s low  r i s e .  Hence, th e  p r e s e r v a t io n  o f  
P l e i s t o c e n e  s h o re f a c e  sands may i n d i c a t e  a r a p id  r i s e  in  se a  l e v e l  
d u r in g  th e  Mockhorn I s la n d  t r a n s g r e s s i o n .  L a te  Q ua te rna ry  s e a - l e v e l  
cu rv e s  o f  t h i s  and o th e r  s t u d i e s  (F ig u re s  2 9 ,  43-44) show a r a p id  
i n t e r s t a d i a l  r i s e  in  s e a  l e v e l  d u r in g  m id-W iseonsinan t im e .  A 
r e l a t i v e l y  s lo w e r  Holocene r i s e  in  s e a  l e v e l  i s  c a u s in g  e r o s io n a l  
t r a n s g r e s s i o n  w i th  removal o f  b a r r i e r  and b a c k b a r r i e r  sed im en t eq u a l  
to  th e  ap p rox im ate  - 7 .0  m MSL wave b a s e  d e p th .
The t r a n s g r e s s i v e  Mockhorn b a r r i e r  d e p o s i t s  have been  p re se rv e d  
f o r  ap p ro x im a te ly  30,000 y e a r s .  Subsequent t r a n s g r e s s i v e  e v e n t s ,  
a l th o u g h  g e n e r a l l y  s e l f - d e s t r u c t i v e ,  a re  needed to  c r e a t e  a t h i c k e r  
sequence o f  b a r r i e r  d e p o s i t s .  Sediments a s s o c ia te d  w ith  Mockhorn 
I s l a n d  a r e  b u r i e d  b e n e a th  b a c k b a r r i e r  d e p o s i t s  a s s o c ia te d  w ith  a more
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r e c e n t  b a r r i e r .  Slow t r a n s g r e s s i o n  i s  removing much o f  the  
b a c k b a r r i e r  sequence  b u t  th e  new b a r r i e r  (Sm ith  I s la n d )  w i l l  
e v e n t u a l l y  m ig ra te  o v e r  th e  e a r l i e r  one (Mockhorn I s l a n d ) .  S tack in g  
o f  t r a n s g r e s s i v e  sequences  such  as th e se  a re  d e s c r ib e d  i n  th e  rock  
reco rd  by Ryer (1 9 7 7 ) .  In  o r d e r  to  s ta c k  and p r e s e r v e  t r a n s g r e s s i v e  
s e q u e n c e s ,  b o th  t r a n s g r e s s i v e  and in te r v e n in g  r e g r e s s iv e  e v en ts  a re  
e s s e n t i a l .  Subsidence  o f  th e  e a r l i e r  b a r r i e r  d e p o s i t s  d u r in g  th e  
su b se q u en t r e g r e s s io n  and fo l lo w in g  t r a n s g r e s s io n  w i l l  p ro v id e  a 
b e t t e r  p o t e n t i a l  f o r  p r e s e r v a t i o n .
The f u t u r e  m ig ra t io n  o f  Smith I s la n d  has been  c a l c u l a t e d  in  o rd e r  
to  g e n e r a l l y  d e te rm in e  th e  amount o f  Holocene and P le i s t o c e n e  sedim ent 
p r e s e r v a t i o n  and th e  r e s u l t i n g  f a c i e s  geom etry . A m ig ra t io n  r a t e  o f
5 .0  m /y r ,  a  s e a - l e v e l  r i s e  o f  2 .0  mm/yr, a wave b a s e  a t  7 .0  m below  
MSL, and a  d i s t a n c e  o f  7 .0  km betw een th e  two b a r r i e r s  was u s e d .  At 
th e s e  r a t e s  i t  w i l l  ta k e  a p p ro x im a te ly  1,400 y e a rs  f o r  Smith I s l a n d  to  
re a c h  Mockhorn I s l a n d .  In  t h i s  c a s e ,  Smith I s la n d  w i l l  n o t  e x a c t ly  
o v e r to p  Mockhorn I s la n d  b u t  more l i k e l y  th e  two i s l a n d s  w i l l  j o i n  as 
se a  l e v e l  w i l l  r i s e  o n ly  2 .8  m. N e v e r th e le s s ,  c o re s  7 - 5 ,  6 - 4 ,  6 - 7 ,  
and 6-10 (F ig u re s  3 1 -3 3 ;  Appendix 1 ) ,  fo r  exam ple, show t h a t  
P l e i s t o c e n e  sands w i l l  b e  p re s e rv e d  below Holocene b a c k b a r r i e r  
sed im ents  and n e a r s h o re  s a n d s .
Much o f  b o th  t r a n s g r e s s i v e  sequences  could  b e  p re se rv e d  i f  
r e l a t i v e  s e a  l e v e l  s to p s  r i s i n g  and sand becomes more a v a i l a b l e .  In  
New South H a le s ,  A u s t r a l i a ,  t r a n s g r e s s i v e  Holocene sequences a r e  shown 
p rese rv ed  below p r o g r a d a t io n a l  b a r r i e r s  (Thom, 1984).  In  t h i s  c a s e ,  
s e a  l e v e l  had reached  i t s  p r e s e n t  p o s i t i o n  c a .  6 ,0 0 0 -6 ,5 0 0  y e a r s  B .P .
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an d ,  w i th  s u f f i c i e n t  s e d im e n t ,  t r a n s g r e s s i v e  d e p o s i t s  w ere overtopped  
by p ro g ra d in g  b ay  b a r r i e r s .  A lthough  u n l i k e l y ,  th e  d e p o s i t i o n a l  
h i s t o r y  o f  t h e s e  A u s t r a l i a n  b a r r i e r s  may be  ana logous  to  V i r g in i a  
p ro v id in g  a  d ra m a t ic  change  in  c o a s t a l  dynamics o cc u rs  a long  th e  m id- 
A t l a n t i c  s h o r e l i n e .
E c o n o m ic a l ly ,  th e s e  k in d s  o f  s t r a t i g r a p h i c  sequences  a re  
p o t e n t i a l  s o u rc e s  and t r a p s  f o r  o i l  and g a s .  Holocene and P l e i s t o c e n e  
b a c k b a r r i e r  s e d im e n ts ,  r e s p e c t i v e l y  above and below  P l e i s t o c e n e  s a n d s ,  
( F ig u r e s  31—34) may form im permeable s e a l s  and s e rv e  as  p o t e n t i a l  
so u rc e  b e d s .  The P l e i s t o c e n e  sands may be th i c k  and w idesp read  enough 
to  a c t  as  a s t r a t i g r a p h i c  t r a p .  Onlapping o f f s h o r e  muds a r e  th e  b e s t  
s o u rc e  o f  h y d ro ca rb o n s  b u t  th e y  l i e  above t h i n  n e a r s h o re  s a n d s .
T h e re fo re  a n o th e r  m a rin e  t r a n s g r e s s i o n  o r  b a r r i e r  p r o g r a d a t io n  i s  
needed to  make u s e  o f  t h i s  s o u rc e .
M ig ra t in g  i n l e t s  p ro v id e  i n l e t  f i l l i n g  sed im en ts  w hich may ex tend  
w e l l  below  wave b a s e ,  and t h u s ,  d ev e lo p  a h ig h  p r e s e r v a t i o n  p o t e n t i a l  
d u r in g  any m ajo r  t r a n s g r e s s i o n .  Kumar and Sanders  (1974) r e p o r te d  
t h a t  20-40Z o f  a l l  b a r r i e r s  may be  u n d e r l a in  by  i n l e t - f i l l i n g  
sed im en ts  and th e s e  sequences  must be  s i g n i f i c a n t l y  common in  th e  
g e o lo g ic  r e c o r d .  In  N orth  C a r o l in a ,  Moslow and Heron (1978) found 
t h a t  th e  Holocene sed im en ts  b e n e a th  Core Banks may r e p r e s e n t  a 
s i g n i f i c a n t  p e r c e n ta g e  o f  th e  m a t e r i a l  p re s e rv e d  w i th in  b a r r i e r  
sy s te m s .  Because p r im a ry  i n l e t s  a lo n g  th e  V i r g i n i a  b a r r i e r  i s l a n d s  
a r e  m o s tly  s t a t i o n a r y  (M orton and D onaldson , 1973; H a lse y ,  197 8) 
ephem eral i n l e t s  were examined to  d e te rm in e  t h e i r  a b i l i t y  to  p r e s e r v e  
i n l e t  s e d im e n ts .  T r a n s e c t s  D-D'  and D-D" (F ig u re s  35-36) show th e
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geom etry  o f  i n l e t  f i l l i n g  sed im en ts  w i th in  a l a r g e  and a c t i v e  
ephem era l i n l e t .  The s h a l lo w  d e p th  o f  th e  i n l e t  b o t to m ,  a p p ro x im a te ly  
- 2 .5  m MSL, i n d i c a t e s  t h a t  th e  p r e s e r v a t i o n  o f  i n l e t  f i l l  s ed im en ts  i s  
im p ro b a b le .  Only d e e p e r  b a c k b a r r i e r  sed im en ts  found w e l l  below  th e  
c h a n n e l  b o t to m  may b e  p r e s e r v e d .
MODERN ANALOGUES
A u s t r a l i a
S e v e ra l  i n t e n s i v e  i n v e s t i g a t i o n s  have r e c o n s t r u c te d  th e  l a t e  
Q u a te rn a ry  c o a s t a l  developm ent and s e a - l e v e l  h i s t o r y  o f  bay  b a r r i e r s  
in  New South  Wales (Thom e t  a l . ,  1978; Roy and C raw fo rd , 1980; Roy and 
Thom, 1981; Thom e t  a l . ,  19 8 1 ) .  The most s t r i k i n g  s i m i l a r i t y  t o  th e  
Smith and Mockhorn b a r r i e r  system  a r e  th e  o u t e r  Holocene and l a t e  
P l e i s t o c e n e  in n e r  b a r r i e r s .  The s t r a t i g r a p h i c  sequences  o f  th e s e  
in n e r  and o u t e r  bay  b a r r i e r s  o f  A u s t r a l i a  a r e  i n i t i a l l y  t r a n s g r e s s i v e .  
U n like  V i r g i n i a ,  how ever, sands added to  th e  A u s t r a l i a n  in n e r  s h e l f  
d u r in g  p re v io u s  g l a c i a l  p e r io d s  a r e  reworked and t r a n s p o r te d  shoreward 
a f t e r  th e  e u s t a t i c  r i s e  in  se a  l e v e l  c e a se s  (Roy and Thom, 1981; Thom 
e t  a l . ,  1 9 8 1 ) .  S u b se q u e n tly ,  sand r id g e s  a s s o c ia t e d  w ith  a m arine  
r e g r e s s io n  a r e  d e p o s i t e d .
A lthough  th e  b a r r i e r  complexes o f  V i r g in i a  and New South  Wales 
show r e s p e c t i v e  d i f f e r e n c e s  in  morphology ( b a r r i e r  i s l a n d s  opposed to  
bay b a r r i e r s  ) ,  age (p ro b a b ly  M iddle W isconsinan in  c o n t r a s t  to  
d e f i n i t e l y  Sangam onian), l a t e  H o lo c e n e 's t r a t ig r a p h y  ( t r a n s g r e s s i v e  
v e r s u s  o r i g i n a l l y  t r a n s g r e s s i v e  b u t  p r e s e n t l y  r e g r e s s i v e ) ,  and where 
a p p l i c a b l e ,  c a u s e s  o f  sed im en t d e f i c i e n c y  ( a lo n g s h o r e ,  o f f s h o r e ,  
overwash and i n l e t  f i l l  p ro c e s s e s  v e rs u s  d e f l a t i o n  o f  sand from th e  
beach  and i t s  movement in lan d  in t o  t r a n s g r e s s i v e  d u n e s ) ,  they  a r e
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d i r e c t l y  com parable in  term s o f  mode o f  fo rm a t io n ,  s t r a t i g r a p h y  a t  
tim e o f  em placement, and sequence o f  d e p o s i t i o n .
L o c a l ly ,  t r a n s g r e s s i v e  b a r r i e r s  a r e  p r e s e n t  i n  New South Wales 
( e . g . ,  Dee Why b a r r i e r ,  Thom, 1984 ) .  Should o u t e r  bay  b a r r i e r s  a l s o  
m ig ra te  landw ard , as  has  N ewcastle B ig h t ,  which d u r in g  h i s t o r i c a l  
tim es h as  receded  a t  r a t e s  o f  1 to  2 m /yr (Roy and C raw ford , 1980),  
upp er  r e g r e s s i v e  sands would be  d e s t r o y e d .  S u b seq u en tly ,  
s t r a t i g r a p h i c a l l y  low er t r a n s g r e s s i v e  sequences o f  b o th  in n e r  and 
o u te r  b a r r i e r s  may b e  p r e s e r v e d .  The p r e s e r v a t io n  o f  t r a n s g r e s s iv e  
sequences  from V i r g in i a  and A u s t r a l i a  would o ccu r  from r e t r o g r a d a t i o n  
o f  ana logous  o u t e r  b a r r i e r s .
Sgxth-America
An in n e r  P l e i s t o c e n e  and o u te r  Holocene b a r r i e r  complex has been  
reco g n iz e d  a long  th e  G eorg ia  c o a s t .  North o f  S t .  C a th e r in e s  I n l e t ,  
the  Holocene s h o r e l i n e  d iv e rg e s  away from th e  P l e i s t o c e n e  s h o r e l i n e ;  
th e  two s h o r e l i n e s  a r e  m o s tly  welded to g e th e r  s o u th  o f  t h i s  i n l e t .
These n o r t h e r l y  i s l a n d s  a r e  much l i k e  th e  Smith-Mockhorn system  in  
t h a t  th e  lagoon landward o f  th e  o ld e r  b a r r i e r  has  been  reoccup ied  by 
Holocene b a c k b a r r i e r  s e d im e n ts .
The l a t e  P l e i s t o c e n e  b a r r i e r  i s l a n d s  o f  G eorg ia  a re  p a r t  o f  th e  
S i l v e r  B lu f f  s h o r e l i n e  t h a t  were formed when s e a  l e v e l  was about 1 .4  m 
above th e  p r e s e n t  l e v e l  (Hoyt and H a i l s ,  1967). Based on geograph ic  
p o s i t i o n  and b a r r i e r  h e i g h t ,  th e  S i l v e r  B lu f f  s h o r e l i n e  may be 
c o r r e l a t i v e  to  Mockhorn I s l a n d .  However, d i f f e r i n g  neo tec  to n ic
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h i s t o r i e s  mokes such  a c o r r e l a t i o n  s p e c u la t iv e  a t  b e s t .  The S i l v e r  
B lu f f  s h o r e l i n e  and p re v io u s  P l e i s t o c e n e  s h o r e l i n e s  o f  G eorgia  t h a t  
ex tend  to  an e l e v a t i o n  o f  30 m a r e  g e n e r a l ly  in d i c a te d  as 
t r a n s g r e s s i v e  b a r r i e r s  (Hoyt and H a i l s ,  1 9 6 7 ) .  However, no s tu d y  
e x i s t s  t h a t  d e s c r ib e s  b o th  th e  s t r a t i g r a p h i c  sequences  below the  
Holocene and o ld e r  b a r r i e r s  and d i s c u s s e s  th e  f a c i e s  r e l a t i o n s h i p s  
betw een th e  t r a n s g r e s s i v e  u n i t s .
O th e r  P l e i s t o c e n e  b a r r i e r s  found beh ind  Holocene b a r r i e r s  in c lu d e  
th e  L ive  Oak b a r r i e r  o f  th e  c e n t r a l  Texas c o a s t  (LeBlanc and Hodgson, 
1959) and th e  b a r r i e r s  o f  th e  Omar Form ation  in  Delaw are (D em arest e t  
a l . ,  1 9 8 1 ) .  The fo rm er i s  found behind  th e  r e g r e s s i v e  Holocene 
b a r r i e r  d e p o s i t s  o f  G a lves ton  I s la n d  and th u s  i s  n o t  analogous t o  t h i s  
s tu d y .  Four t r a n s g r e s s i v e  b a r r i e r  s h o r e l i n e s  w i th in  th e  Omar 
F orm ation  a r e  found landward o f  th e  Holocene b a r r i e r  i s l a n d .  Like 
Mockhorn I s l a n d ,  each  b a r r i e r  o r ig i n a t e d  d u r in g  a p e r io d  o f  r i s i n g  sea  
l e v e l  and was abandoned as s e a  l e v e l  f e l l .  The time f o r  d e p o s i t i o n  o f  
th e s e  b a r r i e r  complexes i s  r e l a t i v e l y  s h o r t  w ith  o n ly  th e  landward 
most d e p o s i t s  p r e s e r v e d .  In  some c a s e s ,  r e g r e s s iv e  sand d e p o s i t s  a r e  
welded to  th e  o ld e r  D elaw are b a r r i e r s ;  an i n d i c a t i o n  o f  a s e a - l e v e l  
s t a n d s t i l l  o r  f a l l .
The Mockhorn and Omar b a r r i e r s  (Dem erast e t  a l . ,  1981) on the  
Delmarva P e n in s u la  i n c o rp o r a te  th o se  d -eposits  produced d u r in g  s e v e r a l  
thousand y e a r s  c u lm in a t in g  in  a s e a - l e v e l  h ig h s ta n d .  A complex 
f a c i e s  r e l a t i o n s h i p  i s  produced between Holocene b a c k b a r r i e r  and 
b a r r i e r  i s la n d  d e p o s i t s  and P le i s t o c e n e  o ld e r  b a r r i e r  u n i t s  in  
re sp o n se  to  c o n t in u o u s  Holocene r e l a t i v e  r i s e  in  s e a  l e v e l  and
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landward m ig r a t io n  o f  th e  H olocene b a r r i e r s .  The g e n e r a l  model o f  
d e p o s i t i o n  t h a t  emerges from th e s e  s t u d i e s  i s  one o f  t r a n s g r e s s i v e  
b a r r i e r  com plexes p r e s e rv e d  in  a  s h o re -n o rm a l  d i r e c t i o n  o r  s ta c k e d  on 
top  o f  each  o t h e r .  F a c t o r s  t h a t  c o n t r i b u t e  to  t h i s  model a r e  th e  low 
g r a d i e n t  D elm arva c o a s t a l  p l a i n ,  P l e i s t o c e n e  s e a - l e v e l  c h a n g e s ,  and 
n e o t e c to n i c  a d ju s tm e n t s .  A r i s i n g  s e a  l e v e l  p r o v id e s  f o r  a m arine  
t r a n s g r e s s i o n  w i th  d e p o s i t s  p a r t i a l l y  p re s e rv e d  due  to  u p l i f t  o r  
o v e r to p p in g  by  th e  fo l lo w in g  t r a n s g r e s s i o n .  The abundance o f  
t r a n s g r e s s i v e  d e p o s i t s  due to  th e s e  f a c t o r s  c l e a r l y  d e s c r i b e s  th e  
s t r a t i g r a p h y  o f  t h i s  r e g io n .
SUMMARY AND CONCLUSIONS
82 c o re s  in  c o n ju n c t io n  w i th  se ism ic  subbottom  r e c o rd s  were 
c o l l e c t e d  on and a d j a c e n t  to  th e  Smith-Mockhom b a r r i e r  i s la n d  
com plexes . These d a ta>  a long  w ith  th e  a n a ly se s  o f  subsam ples t h a t  
d e s c r ib e  th e  t e x t u r e ,  m in e ra lo g y ,  and p a le o n to lo g y ,  and i n t e r p r e t  th e  
c h ro n o lo g y ,  have p ro v id ed  (1 )  a  l o c a l  l a te -Q u a te rn a ry  s e a  l e v e l  cu rve  
and (2 )  a  model d e s c r ib i n g  th e  d e p o s i t i o n a l  h i s t o r y ,  f a c i e s  
r e l a t i o n s h i p s ,  and p r e s e r v a t i o n a l  p o t e n t i a l  o f  m u l t ip l e  t r a n s g r e s s i v e  
b a r r i e r  i s la n d  d e p o s i t s .
The c o n c lu s io n s  o f  t h i s  s tu d y  le a n  h e a v i ly  on s e v e r a l  
a s su m p tio n s .  The assum ption  t h a t  th e  C-14 d a t e s  a r e  c o r r e c t  i s  th e  
most q u e s t i o n a b le .  D e s p i te  no proven  model t h a t  would e x p la in  the  
c o n ta m in a t io n  o f  sam ples C-14 d a te d  in  t h i s  s tu d y ,  th e  lack  o f  
r e p r o d u c i b i l i t y  i s  c l e a r l y  a  problem . A lthough th e  p o l l e n  s p e c t r a  i s  
much a l i k e  o th e r  n e a rb y  assem blages d a ted  ap p ro x im ate ly  28,000 y e a rs  
B .P . ,  t h e s e  d a t e s  a r e  a l s o  based  on a C-14 method t h a t  i s  n e a r  th e  
l i m i t  o f  i t s  u s e f u l n e s s .  However, th e  m u l t i - d i s c i p l i n a r y  d a t a  b a se  
and p l a u s i b l e  e x p la n a t io n s  from th e  l i t e r a t u r e  a re  in c o rp o ra te d  to  
su p p o r t  c o n c lu s io n  1 . A nother assum ption  i s  t h a t  s ea  l e v e l  w i l l  
c o n t in u e  to  r i s e  in  th e  f u t u r e .  This co n t in u o u s  r i s e  i s  n e c e s s a ry  f o r  
th e  p r e s e r v a t i o n  o f  P l e i s t o c e n e  and o ld e r  Holocene t r a n s g r e s s iv e  
d e p o s i t s  and i s  used in  c o n c lu s io n  2 .  Each o f  th e se  g e n e ra l  
c o n c lu s io n s  i s  d e s c r ib e d  in  more d e t a i l  below :
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1) A r e l a t i v e  s e a - l e v e l  h ig h s ta n d  d u r in g  m id -V isco n sin an  t im e ,  
c a .  30 ,000  y e a r s  B . P . ,  i s  de te rm in ed  from th e  c o l l e c t i v e  d a t a  s e t  o f  
t h i s  s tu d y .  These d a t a  in c lu d e  th e  b a r r i e r  morphology and 
t r a n s g r e s s i v e  s t r a t i g r a p h i c  sequence below Mockhorn I s l a n d ,  C-14 
d a t e s ,  and m i c r o p a le o n to lo g i c a l  a n a l y s e s .  Mockhorn I s l a n d  i s  th e  
r e s u l t  o f  a m arine  t r a n s g r e s s i o n  d u r in g  m id -V iseonsinan  t im e .  The 
u n c e r t a i n t y  su r ro u n d in g  a h ig h  e u s t a t i c  s e a  l e v e l  a t  t h a t  tim e o r  
n e o te c to n ic  u p l i f t  r a i s i n g  th e  b a r r i e r  as  much as  40 m in  30 ,000 y e a rs  
i s  n o t  u n n o t i c e d .  However, th e  s t r e n g t h  o f  th e  d a t a  from t h i s  s tu d y  
(10 C-14 d a t e s ,  an i n t e r s t a d i a l  p o l l e n  assem blage c o n s i s t e n t  w ith  
o th e r  m id -V isc o n s in an  s p e c t r a  p r e v io u s ly  r e p o r t e d ,  and an e x t a n t  
t r a n s g r e s s i v e  b a r r i e r  f a c i e s )  and th e  c o n c u r r in g  s t u d i e s  in  nearby  
lo c a l e s  su p p o r t  t h i s  age f o r  Mockhorn I s l a n d .  The p r e s e n t  p o s i t i o n  o f  
Mockhorn I s la n d  i s  p ro b a b ly  a  r e s u l t  o f  b o th  a  h ig h e r  th e n  p r e v io u s ly  
r e p o r te d  m id -V isco n sin an  s e a  l e v e l  and subsequen t u p l i f t  r a t e .
Those a rg u in g  f o r  an e a r l y  V isco n s in an  o r  l a t e  Sangamonian age 
f o r  th e  Mockhorn I s l a n d  t r a n s g r e s s i o n  would need to  t o t a l l y  ig n o re  th e  
C-14 d a t e s .  In  a d d i t i o n ,  m ain land  b each  sed im ents  a s s o c ia t e d  w ith  the  
Mockhorn b a r r i e r  a r e  n o t  s t r a t i g r a p h i c a l l y  e q u iv a le n t  to  the  l a t e  
Sangamonian Wachapreague F orm ation  o f  Mixon (1 9 8 5 ) .  However, th e  
Mockhorn b a r r i e r  sequence  may be c o r r e l a t i v e  to  p r e v io u s l y  d e s c r ib e d  
u n i t s  in  V i r g in i a  h e r e t o f o r e  la b e le d  as  l a t e  Sangamon o r  e a r l y  
W isconsin .
2) M u l t i p l e ,  y e t  d i s t i n c t ,  sequences o f  t r a n s g r e s s i v e  sed im ents  
a s s o c ia te d  w i th  th e  l a t e  P l e i s t o c e n e  Mockhorn I s la n d  and Holocene 
Smith I s la n d  b a r r i e r s  a r e  recogn ized  in  v ib r a c o r e s .  The Holocene
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m arine  t r a n s g r e s s i o n  h as  caused  o n la p p in g  o f  b a c k b a r r i e r  sed im en ts  
o n to  Mockhorn I s l a n d  and i t s  a s s o c i a t e d  n e a r s h o re  e n v iro n m en t .  The 
c o n t a c t  be tw een  th e  two sequences  may be  co n fo rm ab le  o r  c h a r a c t e r i z e d  
by a t r a n s g r e s s i v e  la g  d e p o s i t .
T r a n s g r e s s iv e  Mockhorn I s l a n d  sed im en ts  a r e  composed o f  medium 
sand o v e r ly in g  la g o o n a l  mud w i th  s c a t t e r e d  in te rb e d d e d  p e a ty  clayB and 
f i n e  s a n d .  The p e a t y  c l a y s  may b e  th e  r e s u l t  o f  m arshes and th e  f i n e  
sand from f lo o d  t i d a l  d e l t a s .  Seaward o f  t h i s  i s l a n d  a re  a s s o c ia t e d  
s h o r e f a c e  sands  p r e s e n t l y  be low  Holocene b a c k b a r r i e r  d e p o s i t s .  A 
r e l a t i v e l y  r a p id  r i s e  i n  s e a  l e v e l  d u r in g  Mockhorn I s la n d  tim e 
p ro b a b ly  i s  r e s p o n s i b l e  f o r  t h e  p r e s e r v a t i o n  o f  th e s e  s a n d s .
S i m i l a r l y ,  Smith I s l a n d  o v e r l i e s  b a c k b a r r i e r  d e p o s i t s .  Sediment 
i s  p r i m a r i l y  in t ro d u c e d  i n t o  th e  b a c k b a r r i e r  env ironm ent th ro u g h  t i d a l  
i n l e t s ;  overwash and m ain land  r u n o f f  a r e  l e s s  s i g n i f i c a n t .
D e p o s i t i o n a l  env iro n m en ts  i n t e r p r e t e d  from the  Holocene b a c k b a r r i e r  
sed im en ts  g e n e r a l l y  f i n e  upward from open lagoon to  t i d a l  f l a t  to  
m arsh . A b a s a l  H olocene p e a t  i s  n o t  e n c o u n te re d .  The f in in g -u p w ard  
sequence  i s  due to  a  c o n t in u o u s  n arrow ing  o f  th e  b a c k b a r r i e r  r e g io n  
r e s u l t i n g  in  i n f i l l i n g  o c c u r r in g  u n d e r  p r o g r e s s i v e l y  low er ene rgy  
c o n d i t i o n s .  Rapid r e t r e a t  o f  th e  Holocene b a r r i e r s  and a r e l a t i v e l y  
s te e p  m ain land s h o r e l i n e  has  p ro v id e d  t h i s  d e p o s i t i o n a l  s e t t i n g .
With f u r t h e r  Holocene s e a - l e v e l  r i s e ,  Smith I s l a n d  w i l l  m ig ra te  
landw ard . A lthough  much o f  th e  Holocene b a c k b a r r i e r  sequence w i l l  be 
d e s t r o y e d ,  th e  low er d e p o s i t s  w i l l  b e  p re se rv e d  above t r a n s g r e s s i v e  
sed im en ts  a s s o c i a t e d  w i th  Mockhorn I s l a n d .  A s t a c k in g  and p o s s i b l e  
p r e s e r v a t i o n  o f  t r a n s g r e s s i v e  d e p o s i t s  should  o c c u r .  The more ra p id
th e  r i s e  in  se a  l e v e l ,  th e  more com ple te  the  p r e s e r v a t i o n .  I f  th e  
Holocene b a r r i e r  should  p ro g ra d e  in  th e  f u t u r e ,  o r  s e a  l e v e l  g r e a t l y  
f a l l ,  th e  t r a n s g r e s s i v e  sed im en ts  w i l l  b e  p re se rv e d  b o th  l a t e r a l l y  and 
v e r t i c a l l y .  Less l i k e l y  a r e  th e  p r e s e r v a t io n  o f  ephem eral i n l e t  
d e p o s i t s .  D e s p i te  th e  r e p o r t  o f  deep ephemeral i n l e t  f i l l  d e p o s i t s  in  
North C a r o l in a ,  th e  i n l e t s  p e r i o d i c a l l y  open a long  Smith I s la n d  w ere 
only  2 .5  m d eep .
The s t r a t i g r a p h y  o f  th e  s tu d y  a r e a  is  c l e a r l y  d e s c r ib e d  by 
t r a n s g r e s s i v e  d e p o s i t s .  T ra n s g re s s iv e  b a r r i e r  d e p o s i t s  a s s o c ia t e d  
w ith  the  o u te r  Holocene and th e  in n e r  P le i s to c e n e  i s l a n d s  i n t e r a c t  to  
produce a  complex f a c i e s  r e l a t i o n s h i p .  Late  Q u a te rn a ry  s e a - l e v e l  
f l u c t u a t i o n s ,  n e o te c to n ic  a d ju s tm e n t s ,  and the  r e l a t i v e l y  lo w -g ra d ie n t  
Delmarva c o a s t a l  p l a i n  p r o v id e  a g e n e r a l  model o f  d e p o s i t i o n  t h a t  
r e s u l t s  in  b a r r i e r  complexes p re s e rv e d  d h o re -n o rm a lly  o r  s tack e d  
v e r t i c a l l y .
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APPENDIX




Location: Smith I s l a n d  upper s h o re f a c e  
( T ra n s e c t  6) ■
Date: A u g u s t, 1984
Total Depth: 63 cm
Compaction: N o n e












Tan, fiine sand . ‘"Some t h i c k  heavy m in e ra l  
beds and some s h e l l  f r a g m e n ts .  No b i o t u r b a t i o n .  




-  20 '
- 25*
9m 3 0 '
Core: 6B Date: A u g u s t, 1984
Elevation (msl): - 1 .5 2  m Total Depth: 65 cm
Location: Sm ith  I s l a n d  u p p e r  s h o r e f a c e  Com paction: None
( T r a n s e c t  6)
N ote: D iver Pound Core
ENVIRONM ENT DESCRIPTION
O'
Tan f i n e  c le a n  sand .  Some t h i n  heavy m i n e r a l  
b e d s .  Sm all f rag m e n ts  o f  s h e l l .  No b i o t u r b a t i o n .  


















Elevation (m sl): - 2 .4 4  m
Location: Smith I s l a n d  upper sh o re fa c e  
(T ra n se c t  6)
Date: A u g u s t , 1 9 8 4
Total Depth: 35 Cm
Compaction: N o n e
ENVIRONMENT
N o te :  D iver Pound Core
DESCRIPTION
0
S h o re fa c e
® Tan f i n e  sand , v e ry  c l e a n .  S t r u c t u r e s  d i s tu r b e d  
by c o r in g  p ro c e s s .
C o r e :  6D Date: A u g u s t, 1985
E levation (msl): - 4 . 0  m Total D epth: 2 .7 0  m
L ocation : Smith I s l a n d  sh o re fa c e  ( lo w er? )  Com paction: None?
ENVIRONM ENT DESCRIPTION
S h o re fa c e L i g h t  g re y  sand, f i n e  g r a in e d .  C o n s id e rab le  
m ica . A l i t t l e  mud mixed i n .  Heavy m in e ra l  beds 
and a  few round bu rrow s.  Sharp low er c o n t a c t .
Dark g r e y ,  much c l a y  and s i l t .  A l i t t l e  v e g e t a t i o n
( T i d a l  F la t? ) A few  o y s t e r  s h e l l s  and many mud s n a i l s ,  e s p e c i a l l y  a t  lo w e r  c o n t a c t .  At low er c o n t a c t  s i x  w hole 
• s ' I .  o b s o l e t a  s h e l l s  in  3 cm zone. Bottom and 
upper c o n t a c t  sh a rp .  No d i s t i n c t  bunrrowbj
2m' p ro b a b ly  co m p le te ly  b io tu rb a te d - .
P l e i s t o c e n e
L agoon
3m'
B lu i s h - g r e y  mud and s a n d ,  v e ry  com pacted, some 
o x i d i z a t i o n  a s  re c o g n iz e d  by i r o n j ' s t a i n i n g  ( o r a n g e ) . 
A ^ L i t t l e  o rg a n ic  d e b r i s  and much m ica . About 38%












Elevation (msl): - 5 . 1 8  m
Location: Sm ith I s l a n d  s h o re f a c e  (low er?)
(T ra n s e c t  6)-
Date: A u g u s t, 1985
Total Depth: 2 .6 5  m
Compaction: None?
ENVIRONMENT
S h o re face
-1m ;
DESCRIPTION
® L ig h t  g rey  f i n e  sand ,  a  l i t t l e  mud. Some heavy 
m in e ra l  b e d s .  Only a  l i t t l e  m ica , no bu rrow s.  
Sharp  low er  c o n t a c t .
S h e l t e r e d  Lagoon 
(T id a l  F la t ? )
2 m ’
Dark g rey  mud, v e ry  homogeneous. No sed im en ta ry  
s t r u c t u r e s .  A few sm all  s h e l l  f ra g m e n ts .  Sharp 
5 upper and low er c o n t a c t s .







B lu is h -g re y  mud and sand . Some o x i d a t i o n .  Very 
10'compacted. A l i t t l e  o rg a n ic  d e b r i s  and a l i t t l e  
m ic a .
15'
-  20 '
L 25'
9m - 3 0 '
Core: 6 -1  Date: J u l y ,  1980
Elevation (msl): + 0 .3  in Total D epth: 7 .8 5  in
L o c a t io n :  On sm all washover landward o f  Compaction: 0.20 m
northern Smith Islan d
ENVIRONMENT DESCRIPTION
0 ,
Washover 0 L igh t grey , m ostly fin e-g ra in ed  w e ll-so r ted  sand. 
A few assorted  s h e lls  a t  su r fa ce .
S a lt  Marsh i m Mud and sand bu t f in e s  downward. Much 
S . a lte m if lo r a  v eg eta tio n .
* 5*
Open Lagoon 2m- 
3m-
Dark grey mud and sand, burrowing recognized  
near top o f  u n it . Coarsens to  more sand w ith  
depth. One burrow near top  i s  2 cm X 8 cm.
Sand beds between 4 m aind bottom  o f  u n it .
sorted  lagoon al s h e ll m ateria l found throughout.
4m
6m






M ostly h e a v ily  b iotu rb ated  mud w ith  some sand 
2o'lananae. Sane tin y  cracked s h e lls  and some 
v eg eta tio n  mixed in  w ith  th e mud. A few sand 
f i l l e d  c irc u la r  burrows. T extu ra lly  much fin e r  
than U nit above. A lso  much more homogeneous.
-  25'
- 30'
Core: 6 - 2 Date: J u l y ,  1980
Elevation (msl): a t  MSL Total D epth: 6 .1 2  m
Location: In S . a lt e m if lo r a  marsh landward Com paction: 0 .2 0  m
o f  Sm ith Isla n d . J u st landward o f  
Mink Isla n d  Bay.
ENVIRONMENT DESCRIPTION
S a lt  Marsh o' Dark grey sandy mud w ith  much marsh v e g e ta tio n .









Grey muddy sand, becomes more sandy w ith  depth. 
Sand bedding i s  n o t w e ll d evelop ed , b io tu rb a tio n  
i s  common. I n ta c t s h e lls  in c lu d e  an A tla n tic  
c o ck le , bay s c a llo p s , and a  C . c a n c e lla ta . Sand 






Core: 6 -3 Date: J u l y ,  1980
Elevation (msl): a t  M S L  Total Depth: 5 . 8 7  m
Location: A t cen ter  o f  S . a lte m if lo r a  Com paction: 0.20 m
marsh landward o f  Smith Islan d .
ENVIRONMENT DESCRIPTION
S a lt  Marsh
1m
Dark grey mud coarsen ing down to  a  sandy mud. 
Heavy accum ulation o f  S . a lte m if lo r a  a t  to p , 
l e s s  w ith  depth. Towards bottom  some sand f i l l e d  
burrows and sand lamanae.
T id a l F la t
2m'
Grey sandy mud. Mast sand i s  mixed in  a s sand  
f i l l e d  burrows. H eavily  b iotu rb ated  and a  few  




10*Grey muddy sand w ith  oomron 1 to  2 cm sand beds. 
The bedding i s  p lanar h o r iz o n ta l. Sand f i l l e d  








C ore: 6 -4  Date: J u l y ,  1980
Elevation (m sl): a t  m s l Total D epth : 5 , 4 9  m
Location: A djacent to  w estern  s id e  o f  Main Com paction: 1 .0  m
S h ip  Shoal Channel
ENVIRONMENT DESCRIPTION
S a lt  Marsh
1m.
0 Dark grey s i l t y  mud w ith  l i t t l e  sand. H eavily  
v eg eta ted  a t  to p  by m ostly  S . a lt e m if lo r a . A l i t t l e  
S a lio o m ia  a ls o . L ess v e g e ta tio n  near low er co n ta ct.
T id a l F la t
Cpen Lagoon
- 2 m:
Grey sand and mud th a t coarsen s to  more sand w ith  
d ep th . No sedim entary s tr u c tu r e s , com pletely  
b io tu rb a ted . O yster s h e lls  a t  1 .2 -1 .5  m and  
sc a tte r e d  mud s n a il is h e lls . S ca ttered  v e g e ta tio n  als o .
3m-
E&rk grey sand and mud. Some h o r izo n ta l sand  
b ed s. O therw ise b io tu rb ated . S cattered  M. m ercenaria 








-  20 '
-  25'
9m - 3 0 '
Core: 6 -5
Elevation (msl): - 0 . 5  m
Location: Lower foreshore o f  western 
Mockhorn Island
Date: On l y ,  1 9 8 0
Total Depth: 3. 2 in














O’ Light tan to orange-tan medium w el l - so r ted  
sand. Lower contact  sharp but conformable.
5*
Well-compacted bluish-dark grey mud with 
i ron -s ta ined  (oxidized) sand lenses .  Several 
l e n t i c u l a r  beds. At bottom a brownish peat .
10 '
15’




Elevation (msl): + 0.2 m 
Location: On mainland shorel ine
Date: J u l y ,  1 9 8 0
Total Depth: 2 . 2 9  m
Co mp a c t i o n :  0 . 5  m
ENVIRONMENT DESCRIPTION
Backbarr ier  Beacfl/ 
S a l t  Marsh
o’ Tan medium sand with many stems o f  S. v i rg in ic a  
mixed in .
Soil Horizon Light grey mostly sand with some mud mixed in .  
Large t r e e  roo ts  (8-10 cm) or  branches a lso  
found. Several sand f i l l e d  burrows.




5' Tan medium sand , iwel l  so r ted  with heavy mineral 
beds near  bottom. Large red roots  a t  top extend 











- 3 0 '
Core: 6 - 7  Date: S e p t . , 1 9 8 2
Elevation (msl): a t  M3L Total D epth: 7 .7 7  rti
Location: 750 m landward o f  Main Ship Com paction: 0 .75  m
Shoal Channel
ENVIRONMENT DESCRIPTION
S a lt  Marsh
lm.
O' Dark grey h ea v ily  vegetated  (S. a l t e m if lo r a )  
mud. A - l i t t l e  sand a t  top , mare towards lower 







Eark grey sand and mud w ith  interbedded l ig h t  
grey sand beds. Bedding i s  th in ly  in ter la y ered  
gnd le n t ic u la r . L i t t l e  b io tu rb ation  and no 
b io ta .
10 '
Between 5 and 6 m eters th e  sand and mud grades 
in to  a  l ig h t  grey f in e  sand. This sand i s  w e ll  
so rted  and very c lea n . No apparent stru ctu res  
b u t abundant heavy m inerals and m ica. Gradational 
low er con tact




Orange-tan f in e ,  w e ll so rted , mica enriched sand. 
H orizontal bedding. Subtle trun cation  p la n es , 
r e f le c t in g  b r ie f  periods o f  erosion  (? ), d iv id e  the  
beds in to  s e t s .  Some trough cross-bedding.
“ 25'
9m - 3 0 '
Core: 6 -8  Date: S e p t . ,  1 9 8 2
Elevation (msl): Adjacent t o  Eggnog Creek, Total D epth: 4 .10  m
^0.2'“fh about 1 km frcm Mockhom Isla n d .
Location: Com paction: 1 .0  m
ENVIRONMENT DESCRIPTION
T idal P la t
1m_
T* 0 Very m assive dark grey mud and sand. Several 
marsh periw inkles and some veg eta tio n  near su rface . 
No c le a r  b ioturbation  s tru c tu res . Becomes coarser  
w ith  depth.
* 5*
ifll"
P le is to cen e
Foreshore/ShorefilfSe
4m -
Tan, gen era lly  c lea n , w e ll-so r te d  f in e  sand.
1 S e v e ra l coarse zones c o n s is t in g  o f  pebbles and 









- 3 0 '
C o re :6-9 D ate: S e p t .,  1982
Elevation (msl): a t  MSL Total D epth: 3 .6 6  m
Location: Approximately 500 m e a s t* o f  Mockhorn C om paction: 0 .7 0  m 
Isla n d
£NVIROIMMENT DESCRIPTION
S a lt  Marsh O' Grey m ostly sand w ith  mad; V egetation  a t  top  
does n o t extend below 75 an. Some b io turb atian  
in c lu d in g  a  5 an lon g , 2 an w ide burrow.




Orange-tan clean  sand th a t  grades to  zones o f  
coa rse  sand and p eb b les. Seine b io tu rb atian  a t  
to p . Upper portion  may be low er sh oreface , 
n ea rer  t o  bottom i s  upper sh o refa ce . ( i . e . , f in e  
grained  bioturbated  lo v e r  sh oreface  grading in to  








-  20 '
“ 25'
9m * 3 0 '
Core: 6" 1 0
Elevation (msl): a t  M S L
Location: Adjacent t o  E ggnog Creek, about 
1 .2 5  km w est o f  Main Ship Shoal 
Channel
Date: S e p t . , 1982 
Total D epth: 8 . 2 1  m
Compaction: 0
ENVIRONM ENT
S a l t  Marsh
DESCRIPTION
°Grey mud, l i t t l e  sand. 
S . a l t e m if lo r a .
H eavily  v eg eta ted  w ith




Grey mud and sand, some muddy and sandy zones.
Two zones o f  o y s te r  s h e l ls ,  one a t  3 .0  m, th e  o th er  
A t  4 .3  m. Sedim ent i s  m assive and com pletely  






Grey sand and mud, m ostly sand. NO sedimentary  
s tr u c tu r es . A few o y ster  s h e l l s  a t  6 .0  m.
Below 7 .0  m th e  sedim ent i s  a  l i g h t  grey f in e  
grained sand w ith  j u s t  a l i t t l e  mud. Heavy 
m inerals are abundant and appear lam inated , 
co n tact i s  g r a d a tio n a l.
Lover
-  35-
P le is to c e n e  „ 
Ebreshore/Shoref;m:ace
Tan to  orange f in e  sand. W ell d eveloped  lam ination s.
9m - 30'
Core: 6 - 1 1  Date: S e p t . ,  1 9 8 3
Elevation (m s l) :+ 0 .3  m Total D epth: 4 .8 8  in
Location: On Mcckhom Is la n d  betwsen two Com paction: 0 .5  m
beach r id g e s  (o ld  in l e t ? ) .
ENVIRONMENT DESCRIPTION
S a lt  Marsh 0* Grey tacky sandy mud th a t  becomes co a rser  w ith  
depth. Much S . a l t e m i f lo r a  a t  su r fa ce .





Tan to  orange-tan  medium sand. S l ig h t ly  muddy 
near su r fa ce . Seme round burrows a t  to p  a long  
vpith m ottled  appearance. Much c lea n er  and w e l l -  
p orted  below 2 .0  m.
io '
M assive dark grey  mud w ith  much c la y . S everal 
zones o f  v eg e ta tio n  but n o t in  s i t u .  Sharp 
upper co n ta ct.








-  20 '
25'
9m - 3 0 '
Core: 7 - 2 A  Date: M a y ,  1 9 8 2
Elevation (msl): +0.5  m Total D epth: 5 ,32  m
Location: Upper foresh ore on Smith Is la n d . Com paction: 0 .2  m
ENVIRONMENT DESCRIPTION
B arrier Beach 
Foreshore
0 L igh t grey f in e  sand w ith  heavy m ineral beds.
Sane storm  d eb r is  mixed in  (p lan t and wood m ateria l)
S a lt  Marsh 1m. Dark grey mud. S . a l t e m if lo r a  v eg eta tio n .
T id a l F la t 2m-
3m*
Very muddy a t  to p  becoming san d ier  towards 
bottom. Many o y s te r  s h e l l s  between 2 .1  and 2 .7  m. 
S everal mud s n a i l s  a long w ith  a  cro ss  barred venus 









Grey muddy sand w ith  more mud and l e s s  sand towards 
top . F la se r  beds a t  4 .5  m along w ith  many co a rse ly  
in ter la y e re d  sand beds. Some b io tu rb ation  near 




-  3 0 '
Core: 7 -1  Date: May, 1982
Elevation (m sl):+ o .5  m Total Depth: 7 . 9 0  m
Location: On sm all washover landward o f  Com paction: 0.20 m
Smith Islan d
DESCRIPTION
Washover 0 - “ 0 Tan to  l ig h t  grey fin e  sand with many heavy 
minerals. A l i t t l e  marsh vegetation also  found.
S a lt Marsh
1m
Mostly mud, a l i t t l e  sandier a t top. Heavily 
vegetated with S. a ltem iflo ra .
Tidal F lat 1 
2m-





Grey muddy sand with more mud near upper and lower 
contacts. Many planar sand beds that range from 
. 1^ ».5 to  3 .0  cm in  thickness. In more sandy zones 
some fla se r  bedding i s  seen. Several razor 
clam and iquahbg sh e lls  are a lso  id entified .
- 15'
Sheltered Lagoon 6m“ 
7m*
%
- 20' Dark grey mud. Heavily bioturbated.-tiScme
M. la te r a lis  sh e lls  are a lso  id en tified . The unit 




Licht grey fin e  sand with heavy mineral laminations 
_ 2ghree round burrows iden tified .
- 30'
Core: 7-2 Date: M a y ,  1 9 8 2
Elevation (msl): a t  M S L
Location: In S. a l t e m if lo r a  marsh between 
Smith Island and Mink Is la n d  Bay.
Total D epth: 6 .4 0  m 
Com paction: 0 .1 0  m
ENVIRONMENT
S a l t  M arsh 0
DESCRIPTION
0* Very f in e  brown sand w ith  same marsh v eg eta tio n . 
Abundance o f  sand may be r e la te d  to  washover even t.
T idal P la t
1m.










Muddy sand, dark grey w ith  interbedded f in e ly  
and co a rse ly  in ter la y ered  sand beds. M ostly 
co a rse ly  in ter la y ered  a t  top  and f in e ly  in ter la y ered  
a t  bottom. Two la rg e  o y s te r  s h e l ls  a t  5 .0  m.
Several small, v e r t ic a l  burrows. Becomes m ostly  
1(^and a t  very  bottom o f  core .
“ 15'
-  20 '
25'
30 '
Core: 7 - 3  Date: M a y ,  1 9 8 2
Elevation (msl): at  MSL Total Depth: 6 .60  m
Location: In S . a l t e m i f lo r a  marsh j u s t  Compaction: 0 .50  m
landward o f  Mink Islan d  Bay.
ENVIRONMENT DESCRIPTION
S a lt  Marsh o’ Dark grey  mud w ith  much S. a l t e m if lo r a  v eg eta tio n .
T idal F la t 1m, Grey, m ostly  mud but seme sand introduced by 
way o f  burrows. Lots o f  s h e l l  fragments and 




Mostly l i g h t  grey  sand w ith  some mud. Mud beds 
are w e ll  developed , vary in  th ick n e ss , and are  
o ften  d isco n tin u o u s. F lasar  bedding i s  a ls o  
recognized. Near bottom are many s h e l l s  from 
a large, eared  ark , razor clam , quahog, and 










-  30 '
C ore: 7 -4  Date: May, 19 82
Elevation (msl): a t  MSL Total Depth: 7 .3 0  m
Location: I n  S .  a l t e m i f l o r a  m a rsh  ' o .  Com paction: 0 .1 0  m
a d j a c e n t  t o  B la ck  R ock C h an nel
ENVIRONM ENT DESCRIPTION
S a l t  M arsh
1m.
O’
G rey , m o s t ly  f i n e  g r a in e d  w i t h  much 
S . a l t e m i f l o r a  m arsh  v e g e t a t i o n .  L e s s  
v e g e t a t i o n  to w a rd  b o tto m  o f  u n i t .  Some 
san d  in t r o d u c e d  fro m  b i o t u r b a t i o n .
T i d a l  F l a t
2m
3m
G rey mud w it h  m ore sa n d  w i t h  d e p t h .  A 
few  l a r g e  sa n d  b e d s  n e a r  b o tto m  o f  u n i t .  
M o d e r a te ly  b io t u r b a t e d ,  h o r i z o n t a l  a n d  








9 m  -
G rey m uddy s a n d . Many b r o k e n  M. l a t e r a l i s  
s h e l l s . S e v e r a l  b r o k e n  a rk  and  c o c k l e  s h e l l s . 
Some b u r r o w s  and s e v e r a l  worm t u b e s  r e c o g n iz e d  
A fe w  d i s c o n t i u o u s  p la n a r  h o r i z o n t a l  sa n d  
15 'b eds.
-  20 '
- 25'
* 30 '
Core: 7 - 5  Date: M a y ,  1 9 8 2
Elevation (msl): a t  MSL Total Depth: 9 .0 5  m
Location: J u s t  la n d w a rd  o f  Main S h ip  Compaction: 0 .2 0  ra
S h o a l C h an n el
£NVIRONMENT DESCRIPTION
S a l t  M arsh 0 * 0 D ark g r e y  mud w ith  much S . a l t e m i f l o r a  
v e g e t a t i o n
T id a l  F l a t  1m G rey mud w it h  o y s t e r  s h e l l s .  U n it  i s  
m a s s iv e  a s  no s e d im e n ta r y  s t r u c t u r e s  a r e  




s ‘ G rey muddy sa n d  w it h  many t h i c k  sa n d  
b e d s  n e a r  b o tto m  o f  u n i t .  Many d is c o n t in u o u s  
h o r i z o n t a l  c o a r s e l y  i n t e r l a y e r e d  b e d s .
A fe w  l e n t i c u l a r  b e d s  i n  u p p er  s e c t i o n .  
S e v e r a l  l a r g e  b u rrow s e s p e c i a l l y  a  v e r t i c a l  
o n e  a t  2 .5  m.
• 10'
S h e l t e r e d  r, • '4(n 
L agoon
6m-
D ark g r e y  mud w it h  some v e g e t a t i o n  m ixed  
i n .  S e v e r a l  z o n e s  o f  h e a v y  v e g e t a t i o n  
a c c u m u la t io n .
- 15'
Open L agoon  6m 
7m*
.G rey muddy sa n d  w i t h  s e v e r a l  d i s c o n t in u o u s  
p la n a r  sa n d  b e d s .  A few  v e r t i c a l  and  
h o r i z o n t a l  b u r r o w s .
•
T r a n s g r e s s iv e  L* g “ 25*!Many b ro k en  s h e l l s  and  V e g e t a t i o n .  E ro s io n ^  lo w e r  c o n t a c t .
P l e i s t o c e n e
F o r e s h o r e /
S h o r e f a c e
9m-
•
T a n -o r a n g e  ( o x id iz e d )  w e l l - s o r t e d  f i n e  
s a n d . I n te r b e d d e d  w i t h  b lu e  c l a y . 1 ■ :Some 
sa n d  i s  c r o s s - b e d d e d .
- 30'
Core: 7 - 6  Date: M a y ,  1 9  8 2
Elevation (msl): a t  MSL Total Depth: 5 .2 0  m
Location: H a lf  way b e tw e e n  M ain S h ip  Compaction: 0 .2 0  m
S h o a l C h an n el and M ockhorn  
I s la n d .
ENVIRONMENT DESCRIPTION
S a l t  Marsh
1m.
0*
Mud w it h  much S . a l t e m i f l o r a  v e g e t a t i o n .  










5< Muddy sa n d  w i t h  many l e n t i c u l a r  sa n d  b e d s . 
N ear b o tto m  o f  u n i t  g r a d e s  i n t o  a c le a n  
w e l l - s o r t e d  f i n e - g r a i n e d  sa n d
10 '
- 15'
-  20 '
25'
- 3 0 '
< 1s. '
Core: 7 - 7  Date: M a y , 19  82
Elevation (msl): a t  MSL Total Depth: 4 . 2 3  m
Location: About 3 0 0  m e a s t  o f  Mockhorn Compaction: 0 . 7 5  m
I s la n d .
ENVIRONMENT DESCRIPTION
S a l t  Marsh Grey mud w ith  much S . a l t e m i f l o r a  
v e g e t a t io n .
Tid'al F la t
1m. Dark grey  mud w ith  some san d . Many o y s te r  s h e l l s /  none a r t ic u la t e d  b u t  
many w hole h a lv e s  in  good sh ap e. S e v e ra l  
-,sand f i l l e d  burrow s.
2m  ■
T r a n sg r e ss iv e  
■M ?.-_______________2dl ■44
A few  s h e l l s  and p e b b le s .  
/ c o n ta c t  above and b elow .
A g r a d a tio n a l  
T r a n s it io n  zone,
P le is to c e n e  
Fore sh o re /S h o re  fad e
4m,
Brown to  t a n ,f in d  to  medium sand w ith  
p e b b le s . C lean er and c o a r se r  downward. 










- 3 0 '
Core: 7 -8  Date: M ay, 19 82
Elevation (msl): a t  MSL Total Depth: 2 . 75 m
Location: A t M ockhorn I s l a n d  f o r e s h o r e  Compaction: o . 70 m
ENVIRONMENT
P l e i s t o c e n e
B ea ch





Tan t o  l i g h t  o r a n g e ,  medium s a n d . S e v e r a l  
o y s t e r  s h e l l s  a t  s u r f a c e .  Many h ea v y  
m in e r a ls  on b e d d in g  p l a n e s .  A few  s c a t t e r e d  




D ark g r e y  m o s t ly  c l a y .  V ery  co m p a cted  
10*and d ew a te 'red . One o r g a n ic  r i c h  zo n e  












Elevation (msl): a t  M S L
Location: At seaward j u t t in g  m arsh on 
mainland s id e  o f  Magothy Bay
Date: May, 1 9 82
Total Depth: 4 . 2  m
Compaction: 0 . 7 0  m
ENVIRONMENT




Dark grey  organ ic-r ich  mud. Much marsh veg eta tio n .
T idal F la t
2m-
5*
Grey medium sand w ith  some mud. Some dark heavy 
m in e r a ls  and a l i t t l e  marsh vegeta tion  a lso  
m ixed i n .  A somewhat tran sitory  zone between 
upper a n d  lower u n it s .








L ig h t grey to  tan  medium sand interbedded w ith  
10'finer darker sand. TWO coarse zones w ith  pebbles. 
Coarse zones are p o o r ly  sorted  and th e  pebbles 
su ban gular. Contact to  above very su b tle .
~ 15#
- 20'
-  25 '
- 3 0 '
Core: 7 - 1 0  Date: O c t o b e r , 1 9 8 2
Elevation (m sl):+ 0 .  3 m Total Depth: 3 . 5 2  in
Location: 50  m e a s t  o f  M ockhorn I s l a n d  Compaction: 0 . 7 0  m
i n  s m a l l  h ig h  m arsh  z o n e .
( P o s s i b l y  a r e l i c t  b ea ch  r id g e )
£NVIRONMENT DESCRIPTION
u ,
S a l t  Marsh
1m.
r  0 Dark g r e y  mud. T a c k ie r  (more c la y )  and  
and  s a n d ie r  n e a r  lo w e r  c o n t a c t .  'Much 
S . a l t e m i f l o r a  a t  t o p ,  H e s s  w i t h  d e p th .
T .ida l F l a t San d  and mud, c o a r s e n in g  downward. No 
. S e d im e n ta r y  s t r u c t u r e s  e x c e p t  f o r  one  
l a r g e  v e r t i c a l  b u rrow .
!£ r a n s g r e s s iv e  2mJ
a S 5 l i s i S i ° 8 a g a n 8 e i S 5 Ve e § c ^ e S8 B i ? l B t lX  8103
P l e i s t o c e n e  
F o r e s h o r e /S h o r e fa c e .
G raded  sa n d  b e d s  and p e b b le s .  C o a r se n s  
dow nw ard. M o s t ly  f i n e  sa n d  a t  t o p  o f  








Core: 8- 2 Date: M a y  r 1 9 8 2
Elevation (msi): a t  MSL Total Depth: 4 .27  m
Location: Adjacent to  New Mud Hole I n le t  Channgimpactjon; 0 .20 ra
ENVIRONMENT
S a lt  Marsh





0 Dark grey m ostly mud, l i t t l e  sand. Much 
S. a l t e m if lo r a  v eg eta tion  but l e s s  w ith  depth.
Grey mud w ith  some sand. Sand found in  th in  
planar h orizon ta l beds. One sandy zone between 
5*2.1 and 2 .4  m. A t top soma worm burrows and near 
bottom o f  sec tio n  soma b iv a lv e  burrows.
-3m-
4m-
Grey to  l ig h t  grey muddy sand. Many f in e ly  
in ter la y ered  beds (Rhythmites as shown by 
Heineck and Singh). Sane o f  th e  bedding i s  








9m- 3 0 '
Core: Date: M a y, 1 9 8 2
Elevation (msl): a t  MSL Total Depth: 7 .31  m
Location: ^  cen ter  o f  backbarrier region  in  compaction: 0 40 m
S. a l t e m if lo r a  marsh.
ENVIRONMENT DESCRIPTION
S a lt  Marsh
1m.
0 Grey mud and sand. Sandier marsh se c t io n  than 
u su a lly  found. Much S. a l t e m if lo r a  v eg eta tio n , 
le sse n s  toward bottom o f  s e c t io n .
T idal P la t
2m-
3m-
Grey mud and sand. A few discontinuous 
le n t ic u la r  sand beds seen . Three mud s n a ils  and 
5'many p ie c es  o f  decayed marsh v eg eta tio n . L igh tly  






Dark grey mud, l i t t l e  sand. Sate  marsh debris  
found throughout s e c t io n . One zone shows very  
heavy decayed marsh d ep o sitio n . A few sm all 








.. Grey sand w ith  sonemud beds. Sand i s  very f in e  
grained. Sate c y c l ic  sand and mud zones. A lso  
sev era l zones o f  0 .5  t o  1 .0  cm th ick  organic  
m ateria l made up o f  decayed marsh d eb r is . A few  
v e r t ic a l  and h o r izo n ta l burrows a ls o  id e n t if ie d .
25'
9m - 3 0 '
Core: 8-4
Elevation (msl): a t  MSL
Location: Adjacent to  Main Ship Shoal
Channel in  cen ter  o f  backbarrier 
environment.
Date: May, 1982
Total Depth: 7 .5 0  m
Compaction: 0 .3 0  m
ENVIRONMENT




Dark grey m ostly mud. Becomes a l i t t l e  sandier  
near bottom o f  se c t io n . Heavy S. a l t e m if lo r a  
v eg eta tio n .




Dark grey sandy mud. S everal planar h or izon ta l 
sand beds, m ostly th in . One mud s n a il  found and 
5'a few o y ster  s h e l l s .  Several organic r ic h  beds 







15 L ight grey sand and dark grey mud, u su a lly  
interbedded a s  le n t ic u la r , coarse ly  and f in e ly  
in ter la y ered  bedding. No b io tu rb aticn  o r  b io ta .  
Towards bottom o f  s e c t io n , sand becomes more 
dominant. Much f la s e r  bedding and wavy mud 
bedding in  bottom h a lf  o f  se c t io n .
-  20 '
- 25*
9 m - 30'
Core: 8- 5
Elevation (msl): a t  MSL 
Location: On Thonas Creek
Date:May, 1 9 8 2
Total Depth: 6 . 0 0  m
Compaction: 0 . 5 0  m
fNVIRONMENT DESCRIPTIOIM
S a lt  Marsh 0 Dark grey  muddy sand. M ostly mud a t  very  to p , 
coarsens downward. Much marsh v eg e ta tio n .




Grey mud and sand. O yster s h e l l  zones between 
0.8 and 1 .2  m, and 2 .1  and 3 .0  m. The o y s te r  s h e l l s  
are n o t a r t ic u la te d  b u t w hole h a lves were found.
This s e c t io n  f in e s  toward bottom. A lso  f in e r  where 
56 y ster  s h e l l s  a re  found, san d ier  in  between. Many 
mud s n a i l s  near bottom  o f  s e c t io n . A few marsh 
stems (?) mixed in  a t  top .
Tff*------------------------------------------------------------------------------------
Dark g rey  mud, v ery  l i t t l e  sand. Much marsh 
veg eta tio n  mixed in .  Seme mud s n a ils  a t  bottom o f  









Dark grey  mud and l ig h t  grey  interbedded sands 
in  upper h a lf  o f  s e c t io n . Both co a rse ly  and f in e ly  
in ter  la y ered  bedd ing, seme f  la s e r s  a ls o .  Much 
razor clam  d eb r is  i n  muddier zones. Bottom h a l f  o f  
sec tio n  i s  a  l i g h t  grey  f in e  sand w ith  much m ica.
A few s h e l l  fragm ents a ls o .  Moderately burrowed 
20' w ith  mud in trod uced  f  ran th e  b io tu rb a tia n .
25*
- 30*
Core: 8 -6  Date: H a y ,  19 8 2
Elevation (msl): at  mSL Total Depth: 3 ,1 1  m
Location: On foreshore o f  Mockhom Isla n d  Compaction: 0 .3  m
ENVIRONMENT
P le isto a en e  
B arrier  Beach




O’ A t and near to p , dark ta n  medium sand w ith  same 
marsh veg eta tio n  mixed in .  Q uickly grades down 
in t o  tan to  orange-tan medium sand with seme 




Very dewatered mid w ith  seme sand. Moderately 
1 guoturbated. : Seme orange-tan sand introduced  
from burrowing. A lso  near bottom sane f la s e r  
and le n t ic u la r  sand beds. Contact i s  su rp r is in g ly  









9m- -  3 0 '
Core: 8 - 7
Elevation (mst): + 0 . 5  m
Location: Sandy mainland beach w est o f
Magothy Bay.
Date: May, 1982
Total Depth: 3 .2 0  m
Compaction: 1 .0 0  m
.ENVIRONMENT
Backbarrier Beach/3 
S a lt  Marsh
1m.
DESCRIPTION
0> Dark tan and l ig h t  grey medium sand w ith many 
burrows. S . patens a t  top encroaching onto sand.
In  bottom h a l f  o f  s e c t io n  are marsh remains separated  
from above by a  f a ir ly  sharp contact. Probably 
a  backbarrier beach over th e  s a l t  marsh.
T id a l P la t
2m.
Muddy grey sand laith  mudidritrcduced through 
5'burrowing. A l i t t l e  coarser towards sec tio n
(tra n sitio n )con








Interbedded f in e  grey sand and medium tan  sand 
beds ranging in  s iz e  frcra 0.25 to  1 .0  cm th ick . 






Core: 8-8 Date: May, 1982
Elevation (msl): +0- 5 m Total Depth: 3 .12 m
Location: on h igh  marsh seaward o f  Mockhom Compaction: 0 .10  m
Isla n d
ENVIRONMENT DESCRIPTION
S a lt  Marsh 0> Medium grained sand w ith  much. mud. 
v e g e ta tio n  and b io tu rb a tio n .
Much marsh
T idal F la t 1m.
Grey and orange-tan c layey  sand. Tacky te x tu re . 
Two lo n g  1 .5  X 8 .0  cm'mid f i l l e d  burrows. Some 
v e g e ta tio n  near to p  o f  u n it .
-6!------------------------------------------------------------------------------------------
P le is to cen e
Beach 2m
3m-
Orange t in te d  ta n  medium sand. Sate round mud 
burrows a t  very  to p . Otherwise- m assive medium 
t o  coarse sand. H orizontal sand beds 1 t o  4 cm 
th ic k  in  bottom h a l f  o f  u n it .  A lso  s a te  subrounded 











Core: 9A Date: A u g u s t, 1985
Elevation (msl):-3. 66 m  Total Depth: 1 . 7 5  m
Location; Sm ith  I s la n d  low er sh o re fa c e  Com paction: None?
a d ja c e n t  to  Bungalow I n l e t  s i t e
ENVIRONMENT DESCRIPTION
O'
L ig h t g rey  san d , f a i r l y  c le a n .  Many h a l f  
o y s te r  s h e l l s  a t  bo ttom . L o ts  o f  m ica and s h e l l  





- 3 0 '










Core: 9 - l A Date: M a y /  1 9 8 2
Elevation (m sl)4-o.s m Total Depth: 5 . 2 5  m
Location: At Smith Isla n d  foreswore a t  th e Compaction- 0 40 m 




0 Tan f in e  sand grading down to  coarse sand w ith  
much s h e l l  debris, (may be ephemeral i n l e t  f i l l ) . 
Many heavy mineral beds in  upper h a lf  o f  se c t io n . 
Sharp lower con tact.
-5i
T idal F la t
2m1
-Snr
Dark grey mud and sand, more sand near bottom. 
Several in t a c t  o y ster  s h e l l s ,  a ls o  quahogs, mud 




L ight grey , m ostly f in e  sand w ith  interbedded  
wavy f la s e r  beds. More mud near top  and bottom  
o f  t h i s  s e c t io n  - interbedded w ith  co a rse ly  








15' Dark grey , h ea v ily  bioturbated mud. Many round 
sand f i l l e d  burrows. Sane dwarf su r f  clam 




Core: 9 - 1 Date: M a y *  1 9 8 2
Elevation (mst): + 0 . 5  m  Total Depth: 6 . 2 2  m
Location: on washover fan a t  the s i t e  o f  Compaction: 0 .10  m 




O' Tan to  l ig h t  grey f in e  t o  medium grained w e ll  
sorted  sand. Some heavy m ineral bedding. Sharp 
lower contact.
S a lt  Marsh Dark grey mud. 
S. a l t e m if lo r a .
H eavily vegeta ted  w ith  
Less v eg eta tio n  w ith  depth.
T idal F la t 2m
3m
Mud and sand, coarsens downward. Many b iog en ic  
structures; burrows from mud s n a i l s ,  clam s, and 
worms. Three mud s n a ils  and an a r t ic u la te d  razor" 









Mud and sand a t  top , grading t o  a l l  sand a t  
bottom. Numerous co a rse ly  in ter la y ered  sand beds 
often  d iscontinuous. Some s h e l l  fragm ents, 
probably dwarf su r f clam s. Sand a t  bottom i s  bedded 




Core: 9 - 2 Date: Ma y, 1 9 82
Elevation (msl): a t  Total Depth: 4 42 m
Location: Center o f  Mockhom Islan d  near Compaction: 0.10 m 
southern en d . Adjacent to  canal 
o f  mansion.
ENVIRONMENT DESCRIPTION
0
S a lt  Marsh r  o' Grey, and orange-tan mud. Somewhat dewatered 
w ith a  tacky tex tu re . Clean tan , sand f i l l e d  
burrcws. H eavily  b ioturbated . Much marsh v egeta tion .




Muddy f in e  sand a t  top grading down to  medium 
orange-tan sand. Sand i s  massive w ith  on sedimentary 
stru ctu res .
* 5'
10*P le isto o en e
Lagoon
”  Conpacted grey  mud, p a r t ia l ly  s ta in ed  orange.













Core: 9-3  Date: May, 1982
Elevation (msl): a t  MSL Total Depth: 6 .3 1 m
Location: Center o f  S . a l t e m if lo r a  marsh Compaction: 0 .20  m
ENVIRONMENT
S a lt  Marsh
T id al F la t
Open Lagoon
DESCRIPTION
0* Dark grey  mud w ith  much S . a l t e m if lo r a  
v e g e ta tio n . F a ir ly  sharp lower co n ta ct.
1m.
2m-
Dark grey , m ostly  homogeneous mud. Sandier  
near low er grad ation a l co n ta ct. Only a  few worm 
burrows. Near upper co n ta c t some s h e l l  fragm ents, 





Dark grey  mud and sand. Only a  l i t t l e  coarser  
than s e c t io n  above. A few sand beds a t  4 .0  m and 
5 .2  m. Many round sand f i l l e d  burrows near top  
o f  s e c t io n . A lso  sane b h e ll  d eb ris  and p la n t  










Core: 9- 4 Date: May, 19 8 2
Elevation (msl): a t  M S L  Total Depth: 3 . 3 3  m
Location: In cen ter o f  S . a lte m if lo r a  marsh Com paction: 0 .75  m 
adjacent to  Main Ship Shoal Channel
.ENVIRONMENT DESCRIPTION
S a lt  Marsh 0* Dark grey mud' and-sarid, m ostly mud a t  top  
grading down in to  more sand. Much S . a lte m if lo r a  
v eg e ta tio n , e sp e c ia lly  a t  top .______________________
T id al F la t 1m . Grey mud, more sand near upper and low er co n ta cts. 
Very m assive mud but seme mud s n a il s h e lls  and 










JLight grey sand and a l i t t l e  mud. Grades from 
mud and sand a t  upper co n ta ct to  alm ost a l l  
sand. A marry lin e d  Lucdne (P. m u ltilin ea ta ) 
found. Sore m ica seen  w ith  sands. No 
sedim entary stru c tu res .
15*
-  20 '
- 25'
-  3 0 '
Core: 9 - 5
Elevation (mst): a t  MSL
Location: A t Mockhom Isla n d  Washover 
w ith  marsh tak in g  ro o t.
Date: M a y *  1 9 8 2
Total Depth: 3 . 7 0  m
Co mp a c t i o n :  0 . 3  m
.ENVIRONMENT 
S a lt  Marsh 0
DESCRIPTION
0> Grey medium sand w ith  seme mud mixed in  as 
burrows. H eavily v eg eta ted  w ith  S . a lt e m if lo r a .
P le is to c en e  




Tan medium sand, some mud a t  to p , much c lea n er  
w ith  depth . A la r g e  v e r t ic a l burrow near top  
g>f u n it . Bottom h a lf  o f  u n it  i s  m ostly orange-tan  
w e ll so rted  sand. Sharp low er co n ta c t.
-to:P le is to c e n e
Lagoon
Grey dewatered mud, some orange s ta in in g  due to  
in f lu x  o f  ir o n /o x id a tio n . Seme decayed p la n t  
m ateria l near bottom  o f  u n it .







O range-tan f in e  m icaceous sand.
- 15'
-  20 '
" 25'
30 '
Core: 9- 6 D ate: May f 1982
Elevation (msl): + 0 .5  m Total Depth: 3 .1 0  m
Location: Qn sandy backbarrier beach on w est Compaction: 0.80  m 
(mainland) s id e  o f  Magothy Bay
ENVIRONMENT DESCRIPTION
B ackbarrier Beacft 
an d -S alt Marsh
T idal F la t 1m
0 Dark grey medium sand and mud w ith  much rtarsh 
v eg eta tio n . A lso  many lig h t  grey to  tan  sand  
f i l l e d  burrows.
Grey muddy sand or sandy mud. Very compacted. 
M ostly m assive bu t some recogn izab le  burrows.
A few la rg e  sand grain s and p eb b les a t  bottom .
P le is to c en e
Beach 2m
3m
L igh t grey to  orange-tan a t  bottom . Some dark 
f in e  sand beds a ltern a tin g  w ith, medium sand between 
2 .3  and 2 .7  m. Several zones o f  g r a v e l, p eb b les, 











- 3 0 '
Core: 9 - 7  Date: M a y ,  1 9 8 2
Elevation (msl): a t  MSL T otal Depth: 4 .1 2  m
Location: A t fr in g in g  marsh on e a s t  s id e  o f  Compaction: 0.10 m
Mockhom Islan d
ENVIRONMENT DESCRIPTION
S a lt  Marsh
1m
0*
F in e  to  medium sand a t  top  grading down in t o  
a  tack y  c la y  and sand m ixture. A t top  th e  c o lo r  
i s  ta n  and grey , becom es orange sta in ed  w ith  depth. 
Much marsh v eg eta tio n  mixed in .
P le is to c en e  
B arrier Beach
2m'
O range-tan medium san d , medium grain ed . Some 
mud a t  top  o f  u n it  a lo n g  w ith  a few burrows.
W ith depth, sand i s  b e tte r  so rted  and c le a n e r . 
Same graded beds. Sharp low er co n ta c t, g rad ation a l 
upper co n ta ct.
•P leistocen e
Lagoon
3m 10 B lu ish -g rey  com pacted mud w ith  same oran ge-tan  
le n t ic u la r  sand b ed s. Many burrows in  upper 










- 3 0 '
Core: M - l Date: M a y y  1 9 8 2
Elevation (msl): a t  jyBL  Total Depth: 3 . 2 7  m
Location: 300 m w est o f  Mockhorn Isla n d  Compaction: 0 .50  m
a t  northern e x te n t  o f  study area
ENVIRONMENT DESCRIPTION
S a lt  Marsh
1m.
0*
Grey mud, a  l i t t l e  more sand towards bottom  o f  
s e c t io n . Much S . a lte m if lo r a  v eg eta tio n . 
L essen s w ith  d epth .
T id al F la t
2 n t'
5* Grey muddy sand w ith  many burrows (F iddler  
C rab?). Some marsh v eg eta tio n  a t  to p .
T ran sgressive Lag M ostly coarse  sand and g ra v el bu t sane f in e
in .  A few p ie c e s  o f  wood and mud c la s t s








.Tan medium to  f in e  sand. W ell so r te d . One 4 cm 
10 zone ;(3.0 -3 .4  m ), in d ic a tin g  a  washover ev en t (?) 




- 3 0 '
Core: m -2 Date: n a y ,  1 9 8 2
Elevation (msl): + 0 * 7 5  m  Total Depth: 2 . 7 2  m
Location: 75 m w est o f  Mockhom Isla n d  a t  Compaction: 1 .00  m
northern end o f  s tu d / area .
In  high marsh.
ENVIRONMENT DESCRIPTION
S a lt  Marsh o‘ Iron sta in e d , orange-tan  muddy sand, somewhat 
compacted. Moderate amount o f  h igh  marsh v eg eta tio n .
P le isto cen e  Beach 









O range-tan sand, g r a v e l, and p eb b les. Poorly  
so r ted . S ortin g  becomes worse and grain  s iz e  la rg er  
w ith  depth. A lso  many heavy m in era ls. Pebbles 
g p s tly  sib -a n g u la r , n o t w ell-rounded .
10 '
15'
-  20 '
-  25*
-  3 0 '
Core: m -3 Date: O c t o b e r ,  1 9 8 2
Elevation (msl): + 0 . 7  m  Total Depth: 3 . 5 8  m
Location: on sm all sandy beach a sso c ia te d  Compaction: o .2  m 
w ith  Mockhom Isla n d  b u t sep arated  
from main p a rt o f  Isla n d  by a sm all 
marsh.
ENVIRONMENT DESCRIPTION
B ackbarrier Beach 0 Dark ta n  sand, m ostly  medium b u t some coarse  
sand and g ra v el a ls o . Seme s h e ll  fragm ents mixed 
in . A lso  some organ ic m a ter ia l near bottom .______
S a lt  Marsh 1m. L igh t grey grading downward to  dark grey medium 
sand and mud. Very organ ic  r ic h , many marsh fragm ents. 
H eavily  b io tu rb ated .
5'
P le is to c e n e  
B arrier Beach 2m’
3m-
Tan, w e ll so r ted , medium sand. Seme th in  heavy 
m ineral b ed s, e s p e c ia lly  near bottom . A t top  many 
th in  v e r t ic a l (worm?) burrows. More p h y sica l stru ctu re; 
downward. Upper co n ta c t i s  g ra d a tio n a l, low er co n ta ct 
i s  sharp.
JQ l
Dark grey w ith  a  4 cm th ic k  brown p ea t zone a t  
3 .3  m depth in  c o re . Mud i s  very  compacted.












Core: M - 4
Elevation (msl): +0.2 m
Location: Mockhom Isla n d  foreshore
Date: O c t o b e r ,  1 9 8 2
Total Depth: 3 . 5 0  m
Compaction: 0 . 3 5  m
£NVIROIMMENT
P le isto c en e  
B arrier Beach




Tan, o ra n g e-tin ted  medium sand. Many heavy 
m inerals e sp e c ia lly  near bottom  o f  u n it. Whole 














- 3 0 '
Core: M-5 Date: O c t p b e r ,  '1982
Elevation (msl): + 0 . 5  m Total Depth: 3 . 3 2  m
Location: At w estern  edge o f  MDckhom
Isla n d  in  northern end o f  stud y area . 
A djacent to  S tr in g e r 's  D itch .
Compaction:
ENVIRONMENT




L igh t and/or orange brown muddy sand. B . fru tescan s
and S . loatens v eg eta tio n  a t  su rface and in  much 
o f  se c tio n . Muddy sand i s  m ostly m assive, no d is t in c t  
b io tu rb ation  recogn ized .










L igh t brown/orange coarse sand beds interbedded  
vjith  tan  medium sand b ed s. Seine burrows a t  very  
to p . A few  p eb b les, m ostly sub-angular m ixed in  
w ith  coarser zon es. Some heavy m in era ls, e sp e c ia lly  
deeper in  th e  se c tio n .
10'
15'
-  20 '
-  25'
- 30*
Core: m -6 D a t e :  O c to b e r  1982
Elevation (msl): +0.5 m
Location: On s n a il sandy beach a sso c ia ted
w ith  Itockhom Isla n d  bu t separated  
from main part o f  Isla n d  by a la rg e  
marsh.
Total Depth: 4 .78  m 




o’ Tan, somewhat muddy sand, m oderately so r te d .
Quahogs and o y s te r  s h e lls  a t  to p . M oderately burrowed
S a lt  Marsh 1m.
Gray muddy sand, orange where oxid ized . Tacky 
te x tu re . Much S . a lte m if lo r a  v eg eta tio n . S everal 
la r g e  sand f i l l e d  burrows. G radational c o n ta c t to  
u n it  bfelow, sharp co n ta ct above-
'  5*
P le isto cen e  2m ■ 
B arrier Beach
Tan sand, f in e s  upward. Sharp but conform able (?) 
lcw er co n ta ct. S ate heavy m in eral beds n ear bottom  
o f  u n it . A cou p le o f  round burrows a t to p .










Grey very rnuddy. w ith  much c la y . A lso very  compacted 
A zone o f  h igh  organ ic co n ten t between 2 and 3 m 




-  3 0 '
Core: M - 7 / M - 7 A Date: O c t o b e r ,  1 9 8 2
Elevation (msl): a t  MSL
Location:
Total D epth: M-7A i s  3 .30 m 
M-7 i s  1 .60  m 
Compaction: Both 0 .3  mOn lower foresh ore o f  Mockhom 
Isla n d . Both co res taken in  same 
p la ce .
Note: The lith o lo g y  o f  th e  sh o rter  core  i s  th e  smae as th e top
h a lf  o f  th e  lon ger co re .
ENVIRONM ENT DESCRIPTION




0 M ostly medium sand, ta n  c o lo r  ex cep t near top  
where soma sand has an orange t in t .  Sands are  
c lea n er  and bedding b e tte r  w ith  depth. Many 
round burrows near su r fa c e . O xidation i s  sp o tty . 
P h y sica l stru ctu res b e tte r  preserved  in  bottom  h a lf  
o f  u n it .
5*








Dark grey mud w ith  much c la y , very  ocnpacted. 
10A t around 3 .2  m scare le n t ic u la r  sand beds are  
recogn ized  bu t th ey  are m ostly  sc a tte r e d . A brown 




- 3 0 '
Core: M - 8  Date: O c t o b e r ,  1 9 8 2
Elevation (msl): a t  M S L  Total Depth: 4 . 8 1  m
Location: on low er foresh ore o f Mockhom Compaction: 0 .5 0  m
Isla n d
ENVIRONMENT DESCRIPTION





Muddy tan  sand showing same b io tu rb a tio n  grading  
down in to  ta n , very d e a n , w e ll so r ted , medium 
sand. S evera l h o r izo n ta l burrows. Seme cross-bedded  
sand near low er sharp c o n ta c t.
5*




10* Dark grey  compacted mud w ith  same w ell-d evelop ed  
le n t ic u la r  sand b ed s. Very l i t t l e  b io tu rb a tio n . 
P eat zone a t  bottom  o f  u n it , dark brown. Grades 
downward to  sand in  irrLtrbeiow.
P le is to c e n e  
Sand Shoal
j a
M ostly l ig h t  ta n , c lea n  sand th a t  grades in to
in to  p ea t above. Good










Core:M-9 Date: O ctober, 1982
Elevation (msl): + 0.3  m Total Depth: 3 .76  m
Location: southern t ip  o f  Mockhom Isla n d  Compaction: o .40  m
ENVIRONMENT
P le isto c en e  
B arrier Beach




0‘ Tan to  l ig h t  grey , w e ll sorted  medium sand.
S ate s h e ll d eb r is a t and near to p , and some 
marsh v eg eta tio n  a lso  near top . Towards bottom  
o f  u n it sand be cones more orange in  co lo r  and 
a  l i t t l e  coarser in  grain  s iz e . Sharp low er con tact.
5' B lu ish -grey  carpacted mud w ith  some sand len ses  
th a t are iro n -sta in ed  (orange in  c o lo r ). There 
are a  few  zones th a t show heavy accum ulation o f  











9m- - 3 0 '
Core: M - 1 0 Date: M a y ,  1 9 8 3
Elevation (msl): a t  M S L  Total Depth: 3 . 6 3  m
Location: On Old House C reek, about 500 m Compaction: 1-00 m
from e a s t  s id e  o f  Mockhom Isla n d
ENVIRONMENT DESCRIPTION
S a lt  Marsh ' Grey mud, sa n d ier  toward bottom  o f  s e c t io n .
Much S . a lt e m if lo r a  v e g e ta tio n . Many red-oranqe 
p la n t fraqm ents.
T id a l F la t Grey and orange sandy mud, san d ier near bottom  o f
1m s e c t io n . Many burrows, soma marsh v e g e ta tio n .
Bottom  may b e  tr a n sg r essiv e  la g  th a t i s  very  su b tle .
P le is to c e n e  Beach °  F in e , w e ll-s o r te d , sand th a t becomes co a rser
towards bottom . Many heavy m ineral beds between




6m . V -  20'
7m-
9
-  26 '
8m.
0m - - 3 0 '
Core: M - l l  Date: M a y ,  1 9 8 3
Elevation {msl): at  MSL Total Depth: 7 .73  m
Location: A djacent to  Mockhom Channel on Compaction: 0 .60  m
w est s id e , near l ig h t  246.
ENVIRONMENT DESCRIPTION
S a lt  Marsh 0 - 
1m
- 0 Dark grey mud. L i t t le  sand, even towards bottom  
l i t t l e  in crea se  in  sand co n ten t. Much 
S . a lt e m if lo r a  v eq eta tio n  throughout s e c t io n .
* 5*
T id a l F la t  2m 
3m-
Dark grey homogeneous mud, a  l i t t l e  more sand 
than above b u t n o t much. Many o y ste r  s h e lls  a t  
3 .0  m.
■ 10'
S h eltered  Lagoon
4m-
Grey mud, a  l i t t l e  sand. S evera l la rg e  v e r t ic a l  
burrows b u t m ostly  a  m assive sand.
-  IB '
C h an n eL F ill Bm 
(Channel Bottom)
6m.
Tan to  brown sand w ith  some mud le n se s  near top  
o f  s e c t io n , coarsen s downward b u t a  l i t t l e  mud 
m ixed in . A t bottom , many p eb b les and a  5 .5  X 7 .5  cm 







L ig h t grey to  ta n  f in e  sand w ith  much m ica. A 
few  muddy sand beds and some mud f la s e r  b ed s. Many 
w e ll developed  heavy m ineral lam in ation s. Toward 
bottom , a  s tr u c tu r e le s s  muddy sand.
_ 25» Channel above probably c u t above th ese  sedim ents.
- 30'
Core: G  Date: J u l y ,  1 9 8 1
Elevation (msl): + 0 .3  in Total Depth: 5 .6 5  m
Location: In  marsh on e a s t  s id e  o f  southern Compaction: 1*50 m
Mockhom Isla n d
.ENVIRONMENT DESCRIPTION
0
S a lt  Marsh
-  o'
Medium to  coarse l ig h t  grey sand, srbrounded. 
Much marsh v eg eta tio n .
P le is to c e n e  1m- 
B arrier Beach
2m-
Clayey sand near top  o f  u n it grading down to  a 
medium sand th a t i s  s l ig h t ly  yellow -brow n in  co lo r  
. due to  iron  s ta in in g . No f o s s i l s .  Sharp lower 
5 co n ta ct.
P le is to o e n e  3m 
lagoon
4m-
10 M ostly m assive grey s tr u c tu r e le ss  mud and sand. 
Some lim onite-cem ented aggregates o f  much fin e r  
gra in  s iz e . A lso  much m uscovite p resen t a s  
f la k e s .







Medium to  f in e  l ig h t  grey sand. Minor amounts 
o f  m ica. A ll sand g ra in s are subrounded.





Core: C L - 1  Date: M a y ,  1 9 8 2
Elevation (msl): +0.5 m Total Depth: 4 ,12  m
Location: 200 m sou th  o f  Cushmans lan d in g Compaction: 0 .70  m
on m ainalnd fr in g in g  marsh
ENVIRONMENT DESCRIPTION
Backbarrier Beacft - 
and
•: 1. S a lt  Marsh
1m.
0*
Very sandy a t  to p , alm ost com pletely  d e a n  
sand, but becomes muddier w ith  depth. S a lic o m ia  
and o y s te r  s h e lls  a t  su r fa ce . H eavily m ottled  
mud below  th e sand w ith  S. a lt e m if lo r a  v e g e ta tio n .
5'




Tan, d e a n  w a ll-so r ted  medium to  f in e  sand a t  
top  w ith: in terbedded  zones o f  peb b les and coarse  
sand below . Coarse m ateria l i s  p oorly  so rted  and 
th e p eb b les su b an gd ar. Heavy m in erals and mica 
•jyueoughout. Very prominent heavy m ineral lam ination s 







-  20 '
-  25 '
9m - 30 '
Core: B I - 1  Date: O c t o b e r ,  1 9 8 2
Elevation (msl): + 0 .7 5  m Total Depth: 6 .4 0  m
Location: Near south end o f  former in le t  Com paction: 0 .7 0  m
(Bungalow I n le t ) , 30 m landward o f  berm.
ENVIRONMENT DESCRIPTION
B arrier B each/ " 
Washover
tvw Tan medium sand, reduced near bottom . Sharp 
co n ta ct to  marsh v eg eta tio n  below . Seme burrowing, 
and a  few o y ster  s h e lls  a t  su rfa ce .
S a lt  Marsh Black-brown mud w ith  much marsh v eg eta tio n . 
M ostly s i l t  and c la y . G radational low er co n ta ct.
.I n le t  F i l l
2m-
t»'
Tan medium to  f in e  grained sand w ith  beds o f  
s h e lls . A t bottom  i s  a  5 cm th ich  s h e ll bed. 
The low er con tact i s  sharp and e r o s io n a l. Sand 
g en era lly  f in e s  upward.
T id al F la t  3m 10Dark_grey=yery/:!ar»d33ze^;imS3dy. ^M ostly mud and 
s i l t  w ith .sam e, sand near, b o ttom ... Ver£ homogeneous > 








M ostly grey muddy sand w ith  a  few  sm all le n tic u la r  
sand b ed s. S everal 2 an X 2 cm mud c la s t s . A lso  a 







Elevation (msl): + 0 .8  m
Location: C enter o f  form er in l e t  (Bungalow 
In let)-., 30 m landward o f  berm.
Date: O c t o b e r ,  1 9 8 2
Total Depth: 6 . 3 0  m
Compaction: 0 . 4 0  m
ENVIRONMENT




o’ Tan f in e  sand w ith  m an/ heavy m ineral beds. 
One p ie c e  o f  an o y ste r  s h e ll found.
I n le t  F i l l
2m-
3m-
5* Tan medium sand w ith  muc s h e ll  d eb ris near 
bottom . O ften s h e ll  d eb ris i s  in  bedding p la n es. 
A t bottom  a  5 an zone o f  o y ste r  s h e lls  i s  c u t in to  
th e  muds below . Lower co n ta ct i s  th us e r o s io n a l. 
S h e lls  in c lu d  razor clam s, a  sm all ark , o y s te r s , 









Dark grey  muddy sand w ith  a  few  le n tic u la r  sand  
b ed s. Some rounded and th in  v e r t ic a l burrows. 





Core: B I - 3 Date: O c t o b e r ,  1 9 82
Elevation (msl): 0 . 8  m  Total Depth: 2 . 7 0  m
Location: Near north end o f  former in le t  Compaction: l .o  m 
(Bungalow in l e t ) , 30 m landward o f  berm.
ENVIRONMENT DESCRIPTION
o _ r  0*B arrier Beach/ Tan fin e  sand w ith  heavy m ineral beds and some
Washbver washed over s h e lls  .',
1m,
I n le t  F i l l
■ gl
Tan sand w ith  a 5 cm zone o f  s h e ll d eb ris a t
2m- bottom . E zosion a l low er co n ta ct.
Open Lagoon Dark grey middy sand w ith  interbedded le n tic u la r ,
wavy, and f la s e r  bedded sands. More mid a t  to p ,










9m - - 3 0 '
Core: BI-4
Elevation (msl): + 0 .5  m
Location: iso  m landward o f  Core B I-1 . 
On washover fa n .
Date: O c t o b e r ,  1 9 8 2
Total Depth: 7 . 9 0  m
Compaction: o . 2 0  m
ENVIRONMENT
B arrier B each/ 
Washbver
DESCRIPTION
°Dark ta n  medium to  f in e  grain ed  sands w ith  much 
s h e ll  d e b r is .
S a lt  Marsh 1m Dark grey muddy sand w ith  much marsh v e g e ta tio n .
I n le t  F i l l
2m
L igh t grey to  ta n , medium to  f in e  grain ed  sand. 
Sh^rp co n ta ct to  mud below . L ess s h e ll  d eb r is and 
f in e r  grained  than comparable u n it  o f  Cores B I-1  to  3.
T id a l F la t
3m
Dark grey m ostly  mud. Seme sm all s h e l l  d eb r is and 




M ostly f in e  sand. A l i t t l e  mud w ith  som f la s e r  
bedding w ith in . E rosion a l co n ta c t to  mud and sand 







15Oark grey  homogeneous muddy sand. S ev era l 
M. irercenaria s h e lls  found w ith in .
-  20 '
-  25'
30'
Core: B I - 5 Date: O c t o b e r ,  1 9 8 2
Elevation (msl):+0.3 m  Total Depth: 6 . 6 0  m
Location: 300 raw est (landward) o f  B I-1 . Compaction: i . qo m





M ostly f in e  sand w ith  heavy m ineral beds.
Same mud beds near th e  bottcm . E rosion al co n ta c t  
to  mud below .
-S i-
T idal F la t 2m'
3m
Dark grey very muddy w ith  se v e r a l p ie  be s  o f  
broken s h e lls . S evera l round and p lanar sand  




In crea sin g ly  coarser w ith  depth w ith in  t h is  u n it .
From sands w ith  mud a t  to p  to  a l l  sand a t  bottcm .
P o ssib ly  ero sio n a l co n ta c t below , grad ation a l upper 




Dark gray sandy mud w ith  sc a tte r e d  le n t ic u la r  
^ n d  beds. A w e ll p reserved  an gel w ing h a lf  s h e l l  
a t  bottcm . Burrows are cannon and sand f i l l e d .






Core: mb- 1  Date: j u n e / l9 8 4
Elevation (msl): - 1 . 0  m Total D epth: 4 .6  m
Location: 100 m n o rth w e s t o f  re d  day Com paction: 10 cm





Dark g rey  th ic k  sequence o f  sandy mud. Reduced 
zone below s u r f a c e ,  v e ry  a n o x ic .  Some th i n  sand 
b e d s , p la n a r ,  a few i  cm th ic k .  A few s h e l l  p ie c e s .
Core:MB-2 Date: j u n e / 1 9 8 4
Elevation (msl): -0 * 7  m Total D epth: 4 ,q  m
Location: 100 m e a s t  o f  re d  day m arker Com paction: 10 cm





® Dark g rey  muddy san d . A brupt change to  sand 
a t  b o tto m . O y ste r zone betw een 0 .9  and 1 .0  m. 
S e v e ra l sand f i l l e d  b u rro w s.
P le i s to c e n e  Sand 
(S h o re face )
3m
L ig t  g rey  to  d a rk  ta n  d i r t y  medium to  c o a r s e  











-  30 '
Core: MC-1 Date: 22 F eb ruary  1986
Elevation (msl): + 1 .0  m Total D epth: 2 .93  m
Location: A d jace n t to  M ill  C reek a t  Com paction: None
S . p a t e n s / t r e e l i n e
ENVIRONMENT DESCRIPTION
S o il  H orizon
1m.
0*
M ottled  p a le  b lu e -g re y  and o ran g e  sand 
and c la y .  Very ta c k y  te x tu r e .  Top 60 cm i s  
v e g e ta t io n  r i c h .  Sand in c re a s e s  w ith  d e p th .
P le i s to c e n e  Sand 
__________________2m-
5' Tan, m o s tly  homogeneous f i n e  w e l l - s o r te d
san d . No p h y s ic a l  s t r u c t u r e s  b u t some burrow s,
P le i s to c e n e  Sand 
Beach
Tan, f i n e  to  medium sand w ith  d a rk  i r o n -  
s ta in e d  c o a rs e  sand b e d s . Many heavy m in e ra l 










9m - 3 0 '
Core: MC-2 Date: 2 2  F e b r u a r y  1 9 8 6
Elevation (msl): + 0 . 6 5  m Total D epth: 2 .7 0  m
Location: A d jacen t to  M ill  Creek a t  seaw ard Com paction: None
e x te n t  o f  S. p a te n s  and I .  f r u te s c e n s .
ENVIRONMENT




Grey h ig h  m arsh v e g e ta t io n  w ith  r o o t  p e n e t r a t io n  
in to  low er sa n d s . Much c la y  a t  to p  g ra d in g  in to  
m o stly  sand a t  bo ttom .
H olocene Sand 
(T id a l F la t )
Tan, m assiv e  f i n e  sand w ith  p e b b le s .  P ro b ab ly  
rew orked P le i s to c e n e  sed im en ts  from  H olocene 
..m arine  t r a n s g r e s s io n .________________









Tan, some o ran g e  from  o x id a t io n ,  f i n e  san d .
Heavy m in e ra l beds betw een 1 .5  and 2 .2  m.
Below 2 .2  m a r e  beds o f  f i n e  and c o a rs e  sand w ith  
i ro n  mixed in to  c o a r s e r  san d s .
10'
1 5 '
-  20 '
-  25'
- 30 '
Core: MC-3 Date: 22 F eb ruary  1986
Elevation {msl): + 0 .3 0  m Total D epth: 2 ,5 2  m
Location: A d jace n t to  M ill Creek a t  seaw ard Com paction: None
e x te n t o f  S. v i r g i n i c a  m arsh .
ENVIRONMENT DESCRIPTION
as a l t  Marsn ‘ 0 M o ttled  g rey  and o ra n g e -g re y  mud w ith  in c re a s in g  
sand tow ards b o tto m . Much v e g e ta t io n  b u t l e s s  
w ith  d e p th .
1m.
H olocene Sand 
(T id a l  F la t ) 2m-
5' Tan and o ra n g e - ta n  p eb b le s  and sa n d . Grades 
seSSmenE8*1 a^o v e* From rew orked  P le is to c e n e
P le l s to c e n e  Sand 
Beach
3m-
Very o x id iz e d  r u s t - c o lo r e d  f i n e  sands w ith  heavy 
m in e ra l b ed d in g . O x id a tio n  p ro b a b ly  from  ground­
w a te r  a s  amount n o t  found in  o th e r  c o re s  th a t
o u t o f  b o re .b o tto m .
- 15'
5m~





- 3 0 '
Core: jjc-4 Date: £2 F e b r u a r y  1986
Elevation (msl): MSL Total D epth: 3 .1 5  m
. . ‘ I ! .
Location: A d jace n t to  M ill  C reek  in  C om paction: 0 .2  m
S. a l t e r n l f l o r a  m arsh
ENVIRONMENT DESCRIPTION
S a l t  M arsh
1m
D ark -g rey  a t  to p , b lu i s h - g r e y  w ith  much o ran g e  
in  m id d le . M o ttle d . S i l t y  a t  to p .  Sand a t  
b o tto m , medium g r a in e d .  M arsh v e g e ta t io n  abundan t 
a t  to p .
H o locene Sand F in e  to  medium sand  w ith  some p e b b le s .  Tan.
(T id a l  F la t ) '  5*
P le i s to c e n e  San<?m F in e -g ra in e d  sand w ith  many heavy  m in e ra l .beds.
T)qq « h Tan c o lo r .  Below th e s e  san d s  a r e  ta n  to  o rangeUCOLIl (o x id a t io n )  zones o f  f i n e  sand  o r  p e b b le s .  Many














Born in  Q ueens, New Y ork , 5 December 1955. A sso c ia te d  w ith  
u n d e s ir a b le  e lem en ts  o f  s o c ie ty  u n t i l  com p le tio n  o f  B .S . d e g re e  in  
B a rth  and Space S c ien ces  from  th e  S ta te  U n iv e rs ity  o f  New York a t  
S tony Brook in  1977. R eceived M .S. d eg ree  in  geo logy  from th e  
U n iv e r s i ty  o f  South  C a ro l in a  in  1979. Began p r o f e s s io n a l  c a r e e r  as a 
r e s e a r c h  g e o lo g is t  f o r  R esearch  P lan n in g  I n s t i t u t e  o f  C olum bia, South  
C a ro l in a  in  1979. Most e x p e r ie n c e  was o b ta in ed  w h ile  a  r e s e a r c h  
g e o lo g is t  f o r  th e  U .S . Army C orps o f  E n g in e e r 's  C o a s ta l E n g in ee rin g  
R esearch  C e n te r  a t  F o r t  B e lv o ir ,  V irg in ia  and V ick sb u rg , M is s is s ip p i  
betw een  1980 and 1984. I n i t i a t e d  P h .D . a t  th e  U n iv e r s i ty  o f  M aryland 
in  1982-83 as  a  p a r t - t im e  g ra d u a te  s tu d e n t .  Completed m ost o f  th e  
d i s s e r t a t i o n  r e s e a rc h  a f t e r  e n te r in g  th e  d o c to ra l  program  in  
g e o lo g ic a l  oceanography a t  th e  C o lle g e  o f  W illiam  and M ary, School o f  
M arine S c ien ce  in  1983.
